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PREFACE

These papers were given at the NASA Occupational Medicine and
Environmental Health Annual Meéting held at Cambridge, Massachusetts,

October 13, 14, and 15, 1970.

Presentations were offered by personnel and consultants directly

‘agsociated with the NASA programs and by invited authorities and

experts_in fields which have important relationship to occupational

medicine and envifonmental health.

The conference provided an opportunity to present solutions to
problems common.to NASA medical installations. The interchange of

information and techniques has proven valuable in providing medical

. care of high professional caliber to NASA personnel.

The effort and time spent in the preparation of the reports enclosed
herein, and the Interesting and noteworthy discussions presented at

the conference by invited specialists in related areas are sincerely

apprea“‘ed; ' Wéwzf - W
- /2 UR

Louis B. Arnoldi, M.D.
- Director, Division of Occupational
Medicine & Envirommery " 7564
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DYNAMIC EKG STUDY

/7/'73’/

BY DR. ROBERT L. FLECK, M.D.
NASA HQ MEDICAL HEALTH CLINIC

I would Jike to discuss some of the problems and findings
we have encountered in the dynamic EKG study program as well
as to present some relatively unique although not too uncommon
examp'es. In eva’uating the results of these continuous EKG
recordings it is important to understand and identify perfectly
normal physiological responses from theose with potential clinical
or prognostic significance. Of course, there is a definite group
of responses that are pathological irrespective of whether the
suybject is active or at rest. However, it quickly became apparent
that our overall knowledge regarding normalcy in the dynamic
state was far from complete and in some categories virtually non-
existant. Many articles have been published of results of cont-
inuous ‘ong term EKG recordings but invariably with some specific
objective such as to clarify unusual chest pain syndromes.

The program began at NASA HQ in October, 1965, when it was
decided to se'ect subjects for study by incorporating the
procedure as a part of the periodic health examination. Since
. its beginning approximately 1300 subjects have had over 3000
studies. The procedure was designed to monitor as much of the
work day as possible, resulting in a 7 to 7% hour recording.
Each subject kept an activity diary with the only request being
to ascend 3 flights of stairs before lunch. Reference to the
rate of ascent was carefully avoided. The resulting pulse rate
response was studied for degree, duration and recovery rate,

One observation that has been noted is the frequency a
subject ascending 3 flights of stairs will produce a pulse rate
of 120 beats per minute with the jpeak duration lasting 10 seconds
or 'ess and complete recovery occurring in one to two minutes.

The frequency of this response has been so much more than
coincidence could account for that it has become a rough guide

in estimating one's physical fitness status. Two other prominent
and reproducible features considered to be completely physiological
are worthy of note. One is the obvious respiratory effect on the
pulse rate or sinus arrhythmia producing a 10 BPM variation en

the average, This has been confirmed by testing each recorder

. with a steady signal input to rule out inconstant tape speed as

- the cause. The second is the effect eating has on the pulse rate.



It 1s no surprize that a meal increases the pulse rate which

it does by an average of 10 BPM usually becoming apparent

% hour or so after the meal. The surprize came in noting the
duration of this response with most subjects taking 2 to 3
hours before the pulse rate returned to the before lunch level.

Three classical patterns of pulse rate responses have been
observed with the third type really having two subdivisions.
The physical stress of the stairway effort produces a rapid
peak of short duration and a prompt return to normal when the
exercise is completed. A walking effort produces a plateau
effect which is sustained as long as walking continues. The
third, the response to non-physical stress stimuld{, may produce
one of two basic patterns, The first is the absolute pulse
rate increase but with a very gradual return to normal rather
than the abrupt return of the physical stress type. The second
type has been a frequent varéant where a frank increase in pulse
rate does not occur but instead a marked increase in the variation
of the pulse rate due to the breathing effect results with the
rate varying as much as 30 to 40 BPM,

The inclusion of this study as a part of the routine periodic
health examination may provide another approach to the effort 6f
accomplishing early detection of cardiac abnormalities and offers
the advantage of monitoring the subject in his usual enviromment
of a work day. A frequency count has not been attempted but the
occurrence of ventricular premature contractions following the
noon mea! has been quite striking. A dynamic EKC study of one
subject showed the occurrence of bigeminy rhythm from multiple
ventricular foci approximately % hour following his noon meal
tasting 8 minutes. The study was repeated two weeks later and
demonstrated the exact same phenomena with the exception that
the duration was just 2 minutes on the second time, He had
absolutely no ectopic beats at any other period of monitoring.
The next dynamic study was 3 years later in September, 1989. It
failed to show any meal related bigeminy rhythm but did reveal
multifocal VPCrs occurring sporadically throughout the day. His
latest study in August, 1970 shows an apparent overall increase
of the ventricular dysrhythmia throughout the day with multifocal
bigeminy occurring after a period of physical stress. Perhaps
more significant is the occurrence of brief periods of ventricular
tachycardia from a non-physical stress situation; specificaliy,
when someone stole a parking place he had been trying to enter,

%]



A retired Air Force officer was first examined on July 14,
1967 presenting a history of recurrent episodes of paroxysmal
atrial fibrtllation for which he was treated with quinidine
0.3 gm tablets taking one four times daily. His resting EKG
showed a first degree block with a P-R interval of .22 seconds
23 well as frequent VPC's, His dynamic EKG study showed the
presence of premature contractions of atrial, nodal and ventri-
cular origin. His next physical examination with a dynamic EKG
study was #n July, 1969 showing essentially the same findings
except for a suggestion of an increase in frequency of the VPC's,
In July, 1970 the dysrhythmia was even more apparent on the
resting EKG with the dynamic EKG study showing many multifocal
VPC's as well as supraventricular ectopic beats and one period
of atrial fibrillation which lasted a measured 5 minutes and 35
seconds. Since these findings seemed to be on the increase and
yet without any awareness on the part of the subject, the routine
transmittal of findings to his personal physician was backed up
by a direct phone ca8ll resulting in a revision of the subject's
treatment program. He is now due for a repeat study to evaluate
the effectiveness of the new regimen.

We have been able to partially follow éne subject who has
had surgical intervention to enhance his myocardial vascularization,
This subject presented a history of a diagnosis of ischemic heart
disease having been made in 1964 with the subsequent development
of symptomatic exertional angina in October, 1968. A resting
EKG in July, 1968 and another in August, 1969 failed to show any
significant abnormality or change. Howewer, a dynamic EKG on
September 22, 1967 was considered to be marginal while & dynamic
study in-August, 1969 showed definite éschemic S-T depressions
which were associated with anginal chest pains. At this time he
was averaging 10 to 12 nitroglycerine tablets a week. In October-
November, 1969 he had coronary angiographic studies performed at
NIH which showed 90% occlusion of two major coronary arteries
with a lesser involvement of the circumflex coronary artery, On
January 14, 1970 he underwent a saphenous vein bypass grafting
procedure from the ascending aorta to the right and anterior
descending eoronary arteries with reportedly excellent results.

A repeat resting EKG showed a definite loss of T wave amplitude
in general and specifically in leads I, V4.5.6, His dynamic EKG
on March 18, 1970 showed a persistent tachycardia as well as
ischemic type S-T depressions although without symptoms in spite
of pulse rates as high as 150. A multistage teadmill test
produced a peak pulse rate of 156 again with ischemic S-T
depressions without symptoms. He was started on & supervised
exercise program to study the effect on the ischemic pattern

and to evaluate such a procedure as an adjunct to the revascular-
ization effort. One unexpected event occurred during his first



workout session consisting of an episode of paroxysmal tachycardia
lasting 8 seconds and occurring when he was well into the recovery
phase from the rope jump exercise. It is considered important for
this subject to be aware of his pulse rate responses with much
greater attention given to this measurement since he no longer has
the anginal warning signal and because this episode of tachyrhythmia
occurred without his awareness. It may be added that the rope jump
1s no longer a part of his exercise protocol.

In summary, the use of the dynamic EKG study as a part of the
periodic health examination is considered to be a valuable comple-
ment to other forms of stress testing with its ability to detect
abnormal responses to non-physical stress stimuli. However, there
is still a large grey area in need of clearer definition of sig-
nificance. It is believed that the statistical correlations of
the dynamic EKG findings with the physical examination resuits
will contribute greatly to the reduction of size of this grey area,
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NORMALLY EXPECTED ABERRATIONS IN THE
O-HOUR DYNAMIC EKG

By Robert L. Fleck, M.D., Louis B. Arnoldi, M.D.,
John C. Townsend, Ph.D., and Xenia Tonesk, B.A.
NASA Headquarters, Washington, D. C.

At presénﬁ, the 8-hour dynamic electrocardiogram (DEKG) is s
relatively new medical technique. One question asked by those physicians
who employ the technique is: what is to be considered normal cardiac
behavior in a DEKC record? But how does one &go about determining the
normél DEKG? >It is likely that because of the movement of the vatient
- as he carries‘the recorder about there is an increase in background noise
as well as the creation of artifacts in the record. Also, the DEKG is
purposefully recorded as the subject is exposed to the stresses of his
daily life. For at least these two reasons it is not logical to expect
that what is normal on the resting EKG can be transferred in toto to the
interpretation of the dynamic EKG. It therefore appears that new Jata
on the DEKG must be gathered. But from whence should the data arise?

What is the population which would yield the picture of normsai variability
in terms of DEKG diagnostic signs? Is it s populationvwherein each
individual is completely free of any symptomotology of any discase, who
particularly hasbno previous nor present record of cardiovascular disease
and who is freé of risk factors in cardiac disease? Or is the appropriate
normal population for such a study the work force on active duty in an
occupational setting? Such a group would contain not only veriectly

healthy and especially cardiac heart disease risk free individuals but



also those individuals who display the array of symptoms and disease
which ususlly confront the physician in the usual occupational medical
setting. It was decided that both of thege populations are of interest
as DEKG normative groups.

This study, therefore, attempts to provide a beginning reor estab-
lishing norms of use in interpreting the DEKG. To 4o this, the following
three questions were posed for a research solution in an empiricel
setting:

l. In a sample selected because its individuals are free of risk
factors relevant to cardiovascular disease (known as the pure
sample) what percent of the sample would show (&) no abncrmelities
on the dynamic EKG, and, (b) what percentages Qould show what
kinds of abnormalities?

2. In the entire sample of subJjects used in the study which was
drawn from the executive work force at NASA Headquarters, what
percent of the individuals were (a) normel on their DEKG, and,
(b) what percent manifested what kinds of aberrations cn their
DEKG's?

3. When on the basis of DEKG's the total sample representative of
the NASA executive work force is divided into normal vs. abnormal,
on what physical examination medical variables do the two groups
differ significantly, and which of the physical examination
medical variables correlate with which others within the (a)

normal group, and, (b) abnormal group?



Now for the study itself.

Prom & population of spproximately 1,100 subjects a sample vas
selected on the basis of their records being complete in regard to the
.requirements of the study. The sample consisted of 362 males between
the ages of 33 and 68, who had grades ranging from 12 through 16, and
- were located a_.t‘ NASA Headquarters in Washington, D. C. Each of the
362 subjects hed three MEDICAL RECORD SETS. Each MEDICAL SET contains
& Physical Examination Record, and a Dynamic Electrocardiogram (DEKG)
rea.ding.

In order to cdmpose a MEDICAL SET, the Physical EMnation Record
and the DEKG must have been within one year of euch» other. Each MEDICAL
SET was épproximatelj a yeer apart from another MEDICAL SET.  The
MEDICAL SETS range from late 1965 to the middle of 1970. Each subject
d1id not neceséarily have three consecutive MEDICAL SETS such as one for
1966, 1967, a.ndvl968. MEDICAL SETS represent three different occasions -
the earliest occasion, the middle occasion, and the most recent occasion.
For insta.nce,.‘on_e subject may have had MEDICAL SETS for 1966, 1967, and
1970; & second -subJéct may have had them for 1967, 1968, and 1969. Both
subjects' MEDICAL SETS are labeled earlieet, middle, and most recent
regardless of_ the fact that the 1967 date is the middle occasion MEDICAL
, ‘SET for _the first subject and ti:xe earliest occasion MEDICAL SET for the
second subject. |

In selecting the three MEDICAL SETS for subjects with more than

three l\dEDICAL‘SE‘I‘S avallable, preference was given to the three MEDICAL



SETS with consecutive dates rather than the three MEDICAL SETS with
the most recent dates. If there were no three MEDICAL SETS with
consecutive dates, the three with the most recent broken dates were
selscted.

Some subjects had DEKG's which were within a few months of each
other but which were grouped with the same Physical Examination Record.
In such cases, DEKG's contalning aberrant signs were included in the
MEDICAL SET for that particular Physical Examination Record.

' Missing data on the Physical Examination Records for any of the
variables was handled in the foliowing manner:

1. If ea.riieat occasion date were missing, the middle occasion data

were recorded. |

2, If most recent occasion data were missing, the middle occasion

data were recorded.

3. If both the earliest and middle occasion date were missing,

the most recent occasion data were repeated twice.

4, TIf both the middle and most recent occasion data were missing,

the earliést occasion detae were repeated twice.

5. If middle occasion data were missing, the average of the

earliest q.nd most recent occasion data was taken.

Each of the Physical Examination Records containe the following

information:



1.

2.

3.

' VARTABLE NAME

Cholesterol (C).

Family History (FH).

Smoking (S).

Height (Ht).

Weight (Wt).

Blood Pressure -
systolic (BP's).

"Blood Pressure -

diastolic (BP-d).

HOW RECORDED ON RAW DATA FILE

Actual value in mg.%; Uni-Test method

" Positive (abnormal) only if coronary

heart disease in self, mother, father,
sister, brother, living or deceased.
Positive (abnormal) only if examinee

smokes clgarettes or‘inhales plpe or

cigars; if he quit a short time before

rhysical, value of following year was
recorded i1f available, otherwise it was
recorded as positive; amount smoked was
not specified on records all of the time
80 one could not record varying amounts.
In inches; all fractions other than 1/2
were rounded cff to the nearest whole
number. All fractions Qf 1/2 were rounded
off to nearest even number.

In pounds; all fractions other than 1/2
weré rounded off to the nearest whole
number. All fractions of 1/2 were rounded
off to the nearest even number.

Actual value; differenceé between recumbent,
sitting, standing were iénored; where both

arms were recorded, value of left arm was
f



VARIABLE NAME

7. Resting Electrocardiogram
(RECG). .

8. White Blood Cell Count
(wBC).

9. Erythrocyte Sedimentation
Rate (ESR).

10. Fasting Blood Sugar (FBS).

11. Uric Acid (UA).

12. Hemoglobin (Hgb).

13. Pulse (P1).

1. Medications and Disease
signals (MD).

15. Date of Birth (D.D.B.).

16. Grade (G). -

10

HOW RECORDED ON RAW DATA FILE

taken_because when only one arm was
recorded it was ususlly the left arm;
if more than.one method was recorded
(sitting and recumbent) value matching
the method of pulse taking was recorded.

Normal or comment is made by physician,
Actual value; Coulter Counter
Actual value in mm/hr; Winthrop Method.

Actual value in mg.%; fasting.

Actual value in mg.%; Auto analyzer;

ro data before early 1966 (Jan. - Feb.);
fractions retained.

Actual value; fractions retained.
Actual value; differences between
recumbent, sitting, standing, were
ignored; if possible, methods by which
BP and Pl were obtained; left arm value
was taken where both arms were recorded.
From comments by physicians on Physical
Examination Record.

Month, year.

Actual value (12-16).



Each of the DEKG's was coded by the Fleck Coding List. (Fig. 1).
AA maximum of-four different codings and a minimum of one coding were
used to describe a DEKG. | |

| The pure, or completely disease symptom and cardiac risk factor
free sample, differed significantly at the 5% confidence level from
the non-pure‘sample in the direction of normelity on the following
variables: cholesterol family history, smoking, height, systolic and
diastolic blood pressures, erythrocyte sedimentation rate, uric acid,
hemoglobin, resting EKG, dynamic EKG, year of birth, degree of
overweight, and on medication and disease categories.

RESULTS :

.l. Fig.»2:relates the pure sample to the appearance of abnormalities
on ony:of the three occasions when the dynamic EXG was
administered.

2, In order to determine the distribution of positive signs on

| the dynamic EKG in the entire population of 362 subjects on
vhom three separate dynamic EKG's had been administered at
least_one year apart, the following normative data were
collected. Fig. 3 shows the number gnd percentage of the total
sample of 362 subjects who fell into the normal category by
ha.ving a Fleck List Code of "00" (no aberration), and the
number and percent;%ho‘had a Fleck List Code other than "00"

(presence of an’aHErration) for at least one of the three

11



dynamic EXG test occasions. As can be seen, there were 184
out of 362 subjects with completely normal dynamic EKG's and
184 out of 362 subjects ﬂhb bad aberrations on their dynamic
EKG. Figu.3 further breaks down the abnormals into specific
dynamic EKG diagnostic classifications.

3. PFig. 4 shows the aberrations as indicated by Fleck Code List
signs which appeared in total sample,

4. When, on the basis of the dynamic EKG the total sample of 362
subjects was divided into normal ve. abnormal, the two groups

differed siggificant&i on the following variables:

Cholesterol Uric Acid

Smoking Resting EKG

Systolic Blood Pressure Year of Birth

Whité Blood Count Coronary Insufficiency

Fasting Blood Sugar
It thus appears that the dynamic EKG discriminates between normals agng
abnormals, for the most ﬁart, in terms of traditional risk factors.
When the total sample of 362 subjects was divided into normal vs.
abnormal sub-groups, an the basis of their dynamic EKG's, significant

positive correlations were obtained between the indicated variables for

the normal group:

Weight and Height FBS and ESR

Diastolic and Systolic Blood Pressures UA and Cholesterol

WBC and Smoking UA and Diastolic Blood
Pressure

"ESR and Cholesterol

Hemoglobin and Diastolic
FBS and Systolic Blood Pressure Blood Pressure

12 | \.



For the abnormal group, significant positive correlations were

obtained between the following variables:

Weight and Heighf - Pglse and Smoking
Systolic BP and,Wéight -?ﬁlse and Systolic BP
Dystolic BP and Systolic | Pv;lse‘ and Diastolic BP
Dystolic BP and Weigﬁt. L Pulse and WBC

WBC and Smoking B Pulse and Hemoglobin

Hemﬂglobin a§d WBC |

Further data will be required and are being collected to construct
norms for inperpreting DEKG'S. It will be necessary to sample other
similar and dissimilar occupational groups at the various NASA Centérs
as ﬁell'as other'occupafional groups, such as industrial and military,
-to prbvide meaniﬁgful norms. Such variable components of the DEKG as
différent recording equipment, different protocols for administering
the DEKG and the different methods of'identifying aberrations on the

DEKG must be standardized so that more meaningful norms may be determined.

_Lj



NUMBER

00

01-09

02.1
ae.2
03
ok
05
06
06.1
o7
08.1
08.2

10-19
10
11

13
13.1
14
15

20-29
20

2l

22

23

2L
24,1

30-39

31
32

40-49
41
42
43

90-99

14

FIGURE 1

DYNAMIC EKG CODING SYSTEM

FINDING

No abnormalitles

RHYTHM
Tachycardia, sinus, persistent (no rate under 90 BPM)
Tachycardia, paroxysmel

Auricular

Nodal

Aurlcular fibrillation

Auricular premature contractions

Nodal premeture contractions

Ventricular premature contractions

Multifocal PVC's

Ventricular ectopic (not premature) contractions
Bradycardia P

Bradycardia T (50 or less or under 50)

CONDUCTION DEFECTS

First degree block (P-R greater then 0.20 sec.)
Sinus arrhythmia, marked

Wandering pacemaker

Wenckeback's phenomenon (Mobitz 10)
Intermittent Wenckeback's ,

Second degree heart block (Mobitu IT)

Complete 4-V block

OTHER CONDUCTION DEFECTS

Incomplete right bundle branch block (QRS 0.09-0.11)
Complete right bundle branch block

Incomplete left bundle branch block (QRS 0.10-0.11)
Complete left bundle branch block
Wolf-Parkinsorn-White syndroine

Intermittent W-P-W

T-WAVE CHANGES

Low amplitude or iscelectric T waves
Notched T waves

Inverted T waves

S-T SEGMENT CHANGES
Ischenic
"J'" juuctional

. Barly repolarization

Elevated

OTHER



FIGURE 2

PURE SAMPLE (40 SUBJECTS) DYNAMIC EKG (DEKG)
PATTERNS FOR THREE OCCASIONS

Out of a total of 40 subjects in the PURE SAMPIE, 27 subjects or 67.5
percent have completely normal DEKG's (Fleck List Code of "00" for all
three occasions). Thirteen subjects or 32.5 percent have other than
"00" Fleck Codes as follows:

ID Number  1lst Occasion

2007 ‘Tachycardia (01) Normal (99) Wandering Pacemaker (12)
2030 " Notched T (31) Normal (99) Normal (99)
2066 Normal (99) Normal (99) Multifocal PVC's (6.1)
2075 Normal (99) Normal (99) Notched T (31)
2076 Notched T (31) Notched T (31) Notched T (31)
2090 Téchycardia (o1) Tachycardia (01) Normal (99)
210k Notched T (31) Notched T (31) Normal (99)
2108 = Notched T (31) Notched T (31) Notched T (31)
2109 Normal (99) '('ﬂ'l')a'unctional Normal (99)
2159 Atrial PC; Nodal PC; "J" Junctional (L1)
Nodal PC; "J" Junctional
"J" Junctional (05;41)
(0k;05;41)
2166 Normal (99) Notched T (31) Notched T (31)
2177 Normal (99) Normal (99) Low Amplitude T (30)

2182 Normal (99) Normal (99) Ventricular PC (06)

15



FIGURE 3

DISTRIBUTION OF FLECK LIST CODES
IN TOTAL SAMPLE (362 SUBJECTS)

The number and percentage of individuals specified under each heading
below menifested the indicated Fleck List Codings at least once for
three occasions.,

19% (68 subjects) had notched T-waves (31)

17% (62 subjocts) had tachycardia, persistent (01)

10% (37 subjects) had ventricular premature contractions (06)

10% (35 subjects) had "J" Junctional (u1)

8% (30 subjects) had low amplitude T-waves (30)

T% (26 subjects) had inverted T-waves (32)

4% (13 subjects) had nodal premature contractions (05)

4% (13 subjects) had ischemia (%0)

2% (7 subjecte) had atrial premature contractions (Ok4)

1% (2 subjects) had tachycardia paroxysmal (02.2)

1% (3 subjects) had multifocal premature ventricular contractions (61)
1% (2 subjects) had wandering pacemaker (12) -

3% (1 subject) had sinus arrhythmia (11)

Lo% (178 subjects) had completely normal. DEKG's (00) for all thiee
occasions

16



FIGURE 4
DYNAMIC EKG LIST

(From Fleck Code List)

0l Tachycardia, sinus, persistent (no rate under 90 BPM)

02.2 (22) Tachycardia, paroxysmal, nodal

oL Atrial prémature contractions
- 05 - Nodal premature contractions
06 Ventricular premature contractions

06.1 (61) Multifocal PVC's

11 . Sinus arrhythmia, marked

12 Wandering pacemaker

30 qu amplitude or isoelectric T-waves

31 V.Notched T-waves

32 - Inverted T-waves

Lo ~ Ischemic

41 "J" junctional

99 Normel (2 "00" coding on the Fleck Cuding List)
- 00 No other codings listed

02.2 and 06.1 on the Fleck Coding List are computer coded as 22 and

61 respectively as indicated by the number in parentheses.

17



AN EXERCISE PRESCRIPTION INTERVENTION PROGRAM WITH PERIODIC ERGOMETRIC GRADING
Cannon A. Owen, M. D., Earl F. Beard, M. D.*
70 b 7 | INTRODUCTION

Among the functions of the Kelsey-Seybold cardiopulmonary testing
laboratory at the NASA Manned Spacecraft Center has been the organization
and administration of a program of physical and cardiovascular training
for executive personnel utilizing periodic ergometric grading for testing
purposes and an individual exercise prescription program for training purposes.
This program was offered Manned Spacecraft executive personnel on a basis
of existing evidence indicating physical and psychologic benefits from
maintenance of an adequate state of physical conditioning and to further
test this hypothesis by long-term followup‘studies. While it has been
demonstrated that increases in degree of physical conditioning and mainte-
nance of such can be obtained in population groups of this sort with super-
vised exercise training three to four times weekly} an individual program
based on exercise prescription involving simple types of exercise seemed
more practical for the busy executive. The present study tests the feasibi-
lity of such a program. The possible benefits are tested by noting con-
current changes in medical status derived from the subject's extensive annual
medical examination. The more difficult problem of epidemiologic effects
is being studied by long-term followup of this group of subjects.

Initially 243 NASA Manned Spacecraft Center executives entered the
program. All were c;inically well and free from clinically detectable

cardiovascular disease at time of entry. This populaticn group was obt: . . ..

* NASA Manned Spacecraft Center and Kelsey~Seybold Clinic
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TABLE 1

TABULATION OF POPULATION UNDER STUDY, SELECTION AND ACCEPTANCE OF
INVITATION BY GRADE LEVEL

GRADE LEVEL- POPULATION SELECTED ACCEPTED % OF SELECTED
UNDER FOR TO NUMBER
STUDY INVITATION INVITATION INVITED
AD 34 33 11 . 33 %
16 29 27 12 44 9%,
15 284 212 145 68 %
14 533 . 169% 80 47 %,
TOTAL: 880 441 248 56 %

. Total CSC population at the start of the program was approximately 4, 500.

* The total list of GS14 were not invited at the beginning, but were added later as space
became available.
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by screening the medical records of NASA employees at the GS-14 Level and
above and sending invitations to participate in the program to those whose
clinical record revealed no evidence of overt cardiovascular disease. All
participants are men. Aslindicated in Table 1, 441 men were invited to
enter the program, 248 accepted the invitation but only 247 have actually
participated. This represents approximately 56% of those invited and may
well introduce some bilas into the study when epidemiologic results are
considered since it may well be that those executives least interested in
exercising did not accept invitation and vice versa. The program is a
continuously on going one and when vacancies have occurred through transfer
etc, new subjects are added, so that the number of participants 1s maintained

at 240 to 250. Table 2 illustrates the age distribution of the participants.
METHODS AND PROCEDURES

The basic plan of the executive physical conditioning program is one
of quarterly ergometric testing to determine level of physical training
and the prescription of an individual exercise program by the exercise
physiologist at the time of testing. The participant then carries out his
own individual exercise program and on each subsequent testing reports to
the exercise physiologist the degree of'which he has been adhering to his
prescription. The initial testing evaluated the status of subjects at
entry into the program and subsequent tests determine changes which have
occurred from a consistent exercise program or lack of a consistent program.

Ergometric testing is done on appointment basis at the subject's
convenience. Upon grrival at the cardiopulmonary laboratory the subject is

greeted by the exercise physiologist, signs a participants agreement forw .nd
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TABLE 2
ACTIVE NASA EXECUTIVES IN THE CARDIOPULMONARY STRESS TESTING PROGRAM

By Age Groups and Executive Grade Levels :

AGE GRADE LEVEL TOTAL
14 15 16 AD
30 years or lower . 2 | 1 0 0 3
31 to 40 years 45 80 2 1 128
41 to 50 years 13 70 11 9 103
51 to 60 years 4 5 1 1 11
61 years + 0 | 1 0 1 2

TOTAL: 64 157 14 12 247




changes into gym attire. After dressing, height and welght are recorded.

A timed vital capacity (FVC) is performed using an Electro-Med 780 Spirometer
and a 787 Pulmodigicomp. The values of the FEV 1.0 sec. FVC, PF, FEV 1.0
sec/FVC x 100 are recordea. The attending physician then reviews the health
record maintained at the NASA Manned Spacecraft C(enter Dispensary and atten-
tion is given to recent intake of medications, foods or stimulants that might
modify the performance and particularly to recent illness or infections. A
standard 12-lead electrocardiogram is made and is reviewed by the phvsician
prior to testing. Electrodes for the exercise portion of the test ar  applied
and blood pressure monitoring equipment is placed on the left arm. Electro-
cardiogram, heart rate, blood pressure and respiratory rate are recorded.

The respiratory rate is recorded by impedance pneumography. The subject
then stands, and measurement of these parameters are made immediately and
after standing one minute.

During the exercise period the subject's electrocardiogram is continuously
monitored on a oscilloscope and frequent tracings are taken. The exercise
electrodes are fluid column type developed for the Gemini series% The
electrodes are filled with Sanborn Redux paste and applied to the skin, which
has been decornified with emory cloth (180 grit) in order to achieve an
impedance level below 5 kilohms. A bioplar (CM5) ECG lead system with the
ground eléctrode in the RC5 position are used durirg exercise% Blood pressure
is measured on demand using a NASA-Gemini plezoelectric crystal microphone
and integral amplifier placed directly over the brachial artery under the
distal edge of a standard size adult blood pressure cuff. The cuff is
inflated by an automatic pump (E&M Instrument model 610). The output o1
a Gemini blood pressure signal conditioner is displaved with a Clevitr r.ﬁsﬁ

model 260 recorder for a range of 0-250 mm Hgé

22



TABLE 3

CONTRA-INDICATION TO STRESS TESTING
DURING PRE-EXERCISE EVALUATION

Reclining heart rate greater than 120 per minute

wmoﬁsgm systolic Eooa vwmmmcﬂm greater ihan 170 mm H.Hm

_ wmorasm diastolic Eooa pressure greater than :c mm mm.

Reclining respiration rate greater than 40 F2r minute

Significant changes in E. C.G.
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The test is started by a signal from the Collins automatic programmer
and the participant is instructed to start pedalling the bicycle ergometer
at a rate between 60 and 70 revolutions per minute. At the onset of the
exercise, the exercise physiologist or physician instructs the subject
to keep attendants informed concerhing any problems that develop, especially
chest pain, arm pain, leg fatigue,’light-headedness, nausea, dyspnea, syncope,
or anything that might interfere with his testing. If is appears that he
might not be able to complete the test, he is requested to signal so that
final measurements can be made prior to stopping exercise.

The exercise test is performed with a Morehouse-Collins heart-rate
controlled bicycle ergometer.5 The subject’s heart rate is controlled at
levels of 100, 120, 140 and 160 beats/minute in steps of 5 minutes. 4 23
minute protocol was used in early tests but was later shortened to 20
minutes. Electrocardiogram, blood pressure and respiration rate are
recorded at both the peak workload and the end of each step. Collection
of the subject's respiratory gases are made at the end of each step for
measurement of oxygen consumption. With a noseclip in place the subject
breathes into an open system attached to an unidirectional modified Otis-
McKerrow valve into a 200 liter Douglas bag. The gases are pumped out of
the bag through a drying chamber at a constant rate of 50 cc/minute by a portable
sampling pump (Beckman model Y-101) into an infared carbon dioxide analyzer
(Beckman model IR-215) and paramagnetic oxygen analyzer (Beckman model E-2)
connected in series. The volume of the Douglas bag is measured in a Tissot
gasometer, and oxygen consumption, carbon dioxide production and respiratory
quoteint are calculated.

Inmediately following the 20 minute exercise period the subjerr ;o s

for five minutes 1in the supine position. Recordings of electrocardiogranm,

24



TABLE 4

TERMINATION POINTS
ON
STRESS TESTING

1. Muscular fatigue or exhaustion

2. Significant rhythm disturbances on E. C. G.
3. Ischemic ST changes

4. Progression of chest discomfort

5. Breathlessness

6. Lightheadedness

7. Pallor or other significant skin changes
8. Failure of heart rate to respond to work
9. Abrupt fall in blood pressure

10. Heart rate greater than predicted for age
11, ,m%mﬁoﬁo B. P. greater gmu 240

12. Diastolic B. P. greater than 130
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heart rate, blood pressure and respirgtion rate are made at intervals of
two minutes and five minutes post-exercise. At the end of this period

the subject is asked to stand quietly and these parameters are again
measured both immediately and one minute later. After the subject showers
and dresses, the exercise physiologist explains the test results to him
and he is advised on a personal exercise program.

Table 3 lists factors from the physician's pre-exercise evaluation of
the subject considered as contraindications to proceeding with the exercise
test. It was apparent early in the program that in order for the program
to be successful and safe, certain guide lines for termination of exercise
tests would be required. These are listed in Table 4. Subjects are
instructed to stop the test at any time they feel any unusual sort of
discomfort, and the attending physician terminates the test at any time
he 1is suspicious of any possible adverse effects. A DC-defibrillator
and emergency cardiac resuscitation kit are available at all times, but
to date have not been used. Figure 1 illustrates a typical test procedure
of the submaximal type, which is the standard procedure done. Subjects
under 40 years of age who have successfully completed three standard
testing procedures and who have been training for one year are offered the
opportunity to perform a maximal type test. In this procedure the exercise
level is carried to maximal voluntary effort, which has seemed to approxi-
mate maximum pulse rate attainable for age and to approximate maximum
oxygen consumption. The maximum response is obtained by programming the
ergometer control to a pulse rate of 190 at the end of the standard test.
Following the periodic test an exercise prescription is derived after

conference with the subject and is recorded on a form for him. Various me ).,
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FIGURE 1
. STRIP CHART RECORDING HEART RATE AND WORK RATE
CHART NO.1
Heart
Rate Watts . . . . . - - S
Step # 1 - Step # 2 . Step # 3 R Step # 4 _
H@O - 300 m - . - . R . R S - ..-..-.\.\.-..\lva«l.?,h&.ﬁ.‘.iv..:
140 - 250 IR P Sl
1 NO - NOO .- - . - . .. ..... S St e L O lll.ﬁ)lnu.;..&.q.‘.l.
100 - 150 . ....::......,....!...i,.:.r.lx....l,:..!.,.z:..”....;. i, .
80 - 1w0f __ _ . _ | e e . S
60 - 501 e T
n.... P ..W! i S~ v... ” .
40 - o fESmo P uL S N S
. © LRDY B 3TN . oy o TNT Ly T
Time | B B S B ity i w B At T il .m!‘..TlLﬂl..J, LR R
(Minutes) 1 2 3 4 5 7 8 10 11 12 1 14 15 16 1 18 19 20
Accumulated work units (W.U.) 215 - 806 1735 2943
Work units per step 215 . - 591 929 1208
Watts per step (W.U. x34) = 24 . - 87 105 137
( 300 ) , . : : A
KgM per step ( Watts x 6.1) 146 =~ - . - 409 _ 641 - - 836

{ 1 vertical line = 1. 6 min )

Preset heart rates ---------- 100 - 120 - 140 - 160
Actual heart rates from ECG at end of steps --------- 104 - 117 - 137 - 160
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of exercise are used, but the majority of the subjects seem to prefer
running. The level of exercise recommended does not exceed the intensity
attained during the laboratory tests as judged by pulse rate. Frequency of
training periods recommended has been a minimum of three periods weekly.

Recommendation is based on the individual's response to the exercise
test. 1If no contraindications are pPresent a maximum heart rate of 150 is
suggested for the first three months. In the age groups under study
this exceeds 70 percent of maximum pulse rates attainable, a level which
has been demonstrated to be effective in cardiovascular conditioning. It is
recommended that the individual maintain this heart rate for 5 ﬁinutes at
the end of one month, 10 minutes at the end of two months and 15 minutes
at the end of three months. The continuous exercise is preceded by 15
minutes of warming up. A ten minute musculoskeletal warm up consists of
flexibility type exercise and a cardiovascular phase of warm up is based
on interval training, i.e., run-walk.

The individual is given a card on which to record his exercise. He is
encouraged to take his heart rate before he starts exercise, immediately
following his longest period of exercise and after two minutes recovery.
The pulse is counted for 10 seconds and multiplied by 6. Tﬁe heart rate
in two minutes should be below 120. If it is not he should decrease the
intensity of exergise to lower the maximum heart rate. Recommendation on
subsequent tests depends bn the individual's response to training. A

standard recommendation is illustrated in figure 2.
RESULTS

The NASA Manned Space Craft Center Executive Physical Conditioning

Program has now been in existance for slightly over two vears. Initial
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FIGURE 2

TYPICAL EXERCISE PRESCRIPTION

MODE :
DURATION:
FREQUENCY :
HEART RATE:

COMMENTS :

Running

. 30 Minutes

3/per week
10 Minute warm up mumﬂnwmm

5 Minutes run,walk

10-15 Minutes continuous running at heart rate
approximately 150 beats per minute.
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TABLE 5

STRESS TESTS PERFORMED ON NASA EXECUTIVES DURING THE PERIOD
01 November 58 thru 30 April 1970

By month and test number

DATE

of #1 #2 #3 #4 (4-M) #5 (5-M) #6 (6-M) #7 (7-M) Special Total
TEST

Nov. 68 28 0 0 0o 0 o0 0 o0 0 0 0 0 28

Dec. 68 49 0o 0 © 0 0 0 0 0 0 0 0 49
Sub-total 77 o 0 o 0 o0 0 O ©0 0 0 0 77

Jan. 69 68 0o 0 o 0 0 0 ©0 o0 0 0 0 68

Feb. 69 28 17 0 o 0 0 0 O O0 0 0 0 45
Mar. 69 39 35 0 o 0 0 0 0 0 0 O 0 74

Apr. 69 17 41 0 o 0 © 0 0 ©0 0 O 0 58
May 69 9 42 7 o 0 0 0 0 0 0 0 0 58
Jun, 69 3 31 24 o 0 0 0 O0- 0 0 O 0 58
Jul. 69 4 20 39 o o0 0 0 ©0 —0—0 —B 0 63
Aug. 69 2 8 30 2 0 0 0 O0--0 0 O 0 42

Sep. 69 24 7T 23 o 0 0 0O ©O0 0 0 0 0 54
Oct. 69 10 7 20 3 (122 0 0 O 0 0 0 0 73 (12)
Nov. 69 7 7 12 32(18/_ 0 0 ©0 ©O0 o0 O 0 58 (18)
Dec. 69 3 9 15 9(7 o0 0 ©O0 0 0 O 0 46 (1)
Sub-total 214 224 170 89 (37 O0 O 0 O ©6 O O 697 (37)
Jan. 10 3 15 9 (7 0 0 0 0 0 0 0 a6 (7
Feb. 70 0 5 4 13 (3) 19 0 0 0o 0 0 2 43 ( 3)
Mar.70 1 3 4 12 (3 26(49 1 0 0 0 20 67 (1)
Apr. 70 1 6 10 18(5 16(4 0 0 0 0 5 56 ( 9)
Sub-total 5 20 27 62(18) 61(8 1 0 0 O 27 212 (26)
GRAND o .

TOTAL: 296 258 197 151 (55) 61 (8 1. 0 0 0 27 986 (63)
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acceptance was quite good. As mentioned previously, 56% of those invited
accepted the invitation to join the program in spite of the fact that no
coercion or persuasion of any type was used. It was emphésized that the
program was voluntary, that the long-term results of maintenance of good
physical conditioning were unknown, and merely that the program was available
for those who did wish to participate. Con;inued participation in the
periodic testing portion of the program has also been quite good. Well
over 1250 periodic ergometric tests have now been performed. Table 5
illustrates the distribution of ergometric tests by test number performed
through April 1970. The number of tests performed monthly on an appointaent
basis has been iniluenced by external factors which alter the subject's
availability such as holiday and vacation periods, epidemics of respiratory
infection and activities associated with manned space craft flights. This
is illustrated in Figure 3. The number of subjects withdrawing from the
program illustrated in Table 6. It will be noted that there was an overall
22% attrition but a portion of this was from subjects leaving the Manned
Space Craft Center. Of those subjects remaining at the Manned Space Craft
Center only approximately 18% withdrew from the program. Most withdrawals
from ﬁhe program were in the initial phases (test 1 or test 2). As previously
mentioned, all vacancies from withdrawals are filled by other subjects who
are on a waiting list to participate.

Participation in the training portion of the program has been considerably
more variablg. Overall adherance to exercise prescription has been graded
on a basis of good, fair, and poor as assessed by the subject's report to

the exercise physiblogist at each periodic testing. On this basis subjec.s

who have completed at least the first three periodic tests without premature
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test termination (120 subjects) are currently graded good 29 (24%), fair

36 (30%), poor 55 (46%). The overall participation in the individual
training portion of the program has also varied from month to month depending
on external influences and to some extent the participation by each given
individual has varied in the same manner.

The level of physical conditioning obtained is assessed in two ways,
firstly, the external work required to reach a pulse rate of 160 during the
standard test and secondly the maximum oxygen uptake attainable in those
subjects having maximal voluntary effort studies. As illustrated in figure 4,
those subjects adhering closely to ileir exercise prescription program were
able to produce a significant average increase of 16%Z in the work done to
reach pulse rate 160. It appears in general that the greatest increment in
improvement occurred‘in the first three months period of participation.

While it is too early to assess any possible epidemiologic effect on disease
incidence, it is interesting to note that in the first two years no subject

has developed either myocardial infarction or angina pectoris. Only one

subject has developed a positive ischemic pattern in the exercise and post-
exercise electrocardiogram and this has been present only in the sitting
position, disappearing in the supine post-exercise electrocardiogram. We

are not certain of its significance but the subject is continuing to participate.

In general there have appeared to be other indirect beneficial effects
of the program. While psychologic testing has not been done as in some
supervised studies,l most subjects have reported an increased feeling of
well-being when they do exercise and have reported lessening fatigue.
Participation in ﬁhe program has also seemed to increase the individual's

attention to other aspects of cardiac hygiene and health maintenance such
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as avoldance of obesity, more sensible living habits and in some cases
cession of smoking. Some of these secondary effects may somewhat cloud the
effect of exercise as an isolated variable on epidemiology in this particular

program.
DISCUSSION

From the present study it does appear that a nonsupervised individual
exercise prescription type of physical training program is feasible for
executive population groups. Acceptance and participation in the periodic
testing phase has seemed to be excellent. The withdrawal or dropout rate
has becn guire nﬁQ in the r[irst two vears of the progras. In this respect
this type of program probably compares favorably with scheduled and super-
vised types, particularly when subjects are apparently otherwise normal
and not cardiac rehabilitation or post-myocardial infarction patients.

It would appear that the major difficulty in the unsupervised type of
program is in the individual training portion. Motivation factors seem less
intense than in supervised, scheduled type programs but, of course, vary
markedly between individuals. Lack of understanding and directions is
partially obviated by using pulse rate control during the training sessionms.
The unsupervised program allows more flexibility in mode of exercise but
does not supply the facility fér exercise inherent in most supervised
programs. It does appear, however, that those who adhere to exercise
prescriptions as outlined can achieve and maintain a satisfactory degree

of conditioning. Furthermore, it is not known with certainty the degree

of conditioning necessary to have beneficial effects in forestaliing the
development of degenerative vascular disease if such erfecis do frn_ead uxist.6

It is hoped that long-term results of the present study mav make
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some minor contribution to this overall ptoblem.

As mentionedipreviously, the selection of subjects for the present
study may have engendered some bias, in that those executives who were most
sedentary and 1eéstAinterested in physical exercise simply may not have
responded to the invitation to join the program. However, the demonstrated
low average level of conditioning on the firs£ ergometric test would seem
to indicate that‘éubjects were not, on an average, vigorous exercisers
‘on entering. On the other hand no attempt was made to limit entry into the
program to sedeﬁtéry unconditioned subjectsionly.

In the present study no attempt has been made to limit or hold
constanf other variables in order to demonstrate qnly independent effects
of exercise. Iﬁ fact, subjects have been encouraged to alter other
coronary risk factors present and to follow other principles of good
preventive cardiology, since the purpose of the present program is primarily
a service one to supply the executive with needed testing and advice as

he pursues his individual conditioning exercises.
SUMMARY & CONCLUSIONS

A long-term exercise prescription type of physical conditioning program
has been.availablg to executive personnel of the NASA Manned Spacecraft
Center for the past fwo years. Periodic ergometric testing with a heart
rate controlled,_autématically programmed, bicycle ergometer is used to
" follow the individualk progress and appropriately alter his exercise
prescriptién from time to time. _Such a program appears feasible,and accep-
tance ié excellent, dropout rates small and periodic testing participation

gobd. Adherence to the training portion has been somewhat inconsistent,
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Subjects training diligently can maintain satisfactory levels of conditioning
but results in this respect seem more variable than those in supervised
scheduled programs. Analysis of results of such conditioning is continuously

on going.
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MEDICAL AUTOMATION SYSTEM AT THE MARSHALL SPACE FLIGHT CENTER
James H., Spr'a;i"i, M.D.
Medical Director
MSFC Medical Center
The long awaited ﬁarriage between the technology of the mathematicians
in the inventionvand utilization of the computer and the medical pro-
fession has been very slow in its consummation. Many bashful bridegrooms
have been found wﬁiting in the wings for a bride who never materialized.
A sort of shotguﬁ wedding has occurred between these two at the Marshall
Space Flight Center, It is labeled a "shotgun wedding'' because necessity
was the.moving force behind this effort. Faced with a closed population
of nearly 6,000 to be examined, cataloged by organization and occupation,
and a desire to preserve the health and talents of these highly trained,
intelligent, technical people at the NASA Marshall Space Flight Center,
thé relatively small medical complement was forced to share the computation
ability of thelvery technical engineefs it served in order to meet their
needs. The ver& nature of the work done at this Center required a large
variation in the types of examinations to be done for the different
groups of people who were working with chemicals, lasers, X-ray, isotope
sources, toxic fueis, adhesives, and exotic metals. This caused great
problems in the écheduling of these people accurately. Since a’wost
5,000 complete physical examinations per year were performed on this
population the tremendous amount of medical data generated was easily

foreseen. It became increasingly clear, also, that the problem of keeping
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up with the scheduling of examinations on the date they were due in
the face of additions and deletions frem the population, transfers
within the population, and changes in job status would require auto-
~mation., Attempts to handle the scheduling of these examinations
manually ended up with long lists of names which were color coded
with 4 or 5 different colored check marks, x's, zeros and others,

It is easy to Imagine what would have happened to a color-blind clerk
trying to work with this type of data. It is also easy to see the
complexity of trying to manually update this list in the face of job
changes, tfensfers, retirements, etc, The first step in developing

a medical automation system, then, was to input to the computer the
scheduling master information contained in the old manual lists 1in
computer language rather than in the many colors and symbols and hand-
written dates of examination. The programs were, therefore, written
and entered into the computer with all the necessary information to
divide-the'pqpulation into age groups, organizational groups, and
occupational groups (Fig. 1). The type of examination to be done

was coded in, and the periodicity, the date of notification for exami-
nation, the‘date of the last actual examination, and the parameters
were entered to allow the computer then to enter the date of the next
Iexamination. Utilizing this scheduling master, the Medical Center
now receives from the computer center a deck of notification cards
every two weeks. These cards contain the name, type of examination,

- and the address of those people due to be examined within that period

(Fig. 2).
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To uﬁdate this scheduling master we utilized a single form. Each day

all completed chﬁrts on examinations, emergency room visits, consultations
and follow-dps go to the clerk who enters the medical unique number (a
number which only the Medical Center can link with the employee's name),
the date of examination, the type of examination, and other data necessary
to create the‘ﬁew scheduling master which is always current. From this
neme form, cards are_punched which are then utilized with the most recert
Marshall Center personnel file information to create the scheduling
master report (Fig.3). Other data such as an employee cross-reference
report, the notification cards, and the new scheduling master are the
outputs of this computer effort. It is interesting to note that the
 response to computer cards is good. Employees receiviﬁg these cards
consider them td be rather official and react to them without offering '

the excuses they would normally offer to the telephone caller.
‘The advantages of this system to the Medical Center are, then:

1. Minimal Medical Center effort in scheduling and notification. We
now have a ong-line entry on the neme form on each examination
‘performed, and notification cards are automatically sent to us in
a pre-printed form. The important thing here is that the computer
accurately and on time delivers to us those people's names who need

to be examined at the proper time with the proper address,
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3.

4,

Additions, deletions and changes in job titles, addresses, and
other employee status changes are automatically entered in the

scheduling master, saving much maﬁual time,

work load determinations are automatic. We can plan our schedule
as far ahead as we like since we have a master file that tells us

what our work load will be for any given period of 12 months.

The Medical'Center still controls the day-to-day work load by
mailing the cards to those numbers of people that we can handle.
We still fill in the exact date we want to see the patient., This
is important in working around holidays, vacationé and Medical

Center obligations in areas other than the examination program.

We can see easily just where we are on the. schedule. This system

has been in effect for three years and appears to be working well,

The natural follow-on to the scheduling master file was, then, a broad

medical file. Many times in the past we have felt it necessary to study

- the results of our examination program to see what the state of health

of the Marshall employees really was. It took weeks of work by many

people to go through 6,000 or 7,000 charts picking out data and tabulating

this data. It was apparent that properly designed physical examination

forms and laboratory forms would allow us to directly key punch to the
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comﬁuter all of the data contained in the physical examination, Again
utilizing tﬁe medical unique numbers to preserve confidentiality, we
designed forms that could be copied, deleting the name and all other
1dentification,-and Placing the unique number on it. To create the
broad medical master tape we now copy all lab, x-ray, EKG, history and
" physical exaﬁination forms, and these are key punched directly from
sur-medical forms (Fig. 4). We have then complete medical data on our .
population, and it is now relatively simple to ask the computer to
summarize the data in any form we request by sex, age, occupation, or
organization'(Fig. 5). The broad medical file is continuously updated.
From this broad medical master file requested analyses as to state of
health of the Marshall population can now be made, and now that we have
2or3 examinations on our employees it will be more and more valuable
to us -to be able to look at progressive changes in the health status

of these empioyees. The progress of disease can be followed better
than ever before. Our efforts to accomplish this follow-on utilizing

a mathematical model of health are continuing, and the‘preliminary

results are beginning to be studied.

Many statis-ical techniques are nsed in the univariate and multivariate
analyses necessary to make meaningful studies in a mathematical model.
We see this as a 5-year study, and it is premature to say much about it

at this time except to show the progress to date, Fig. 6 shows the flow
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IV. STATISTICAL TECHNIQUES CONT’D
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I1l. BASIC EXAMINATION CATEGORIES

ALL NASA EMPLOYEES ARE SCHEDULED IN ONE OF THE
FOLLOWING CATEGORIES:

PHYSICAL - DIVIDED INTO THREE GROUPS

1. AGE UNDER 31 - 36 MONTH PERIODICITY
2. AGE 31-45-24 MONTH PERIODICITY

3. AGE OVER 45-12 MONTH PERIODICITY

MONITORING
HEARING CONSERVATION | PERIODICITY DETERMINED
EXECUTIVE BY MEDICAL CENTER

SCREENING

Fig, 7
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chart on univariate steps at the present, and Fig. 7 shows the flow
chart on the multivariate effort at this time. The results of this
multivariate study can be described as the plot of a point in space,

The location of this point can then be gauged as to its relationship

to normal, and drift of this point over a series of several examinations
may prove valuable in preclinical detection of heart, kidney, lung or
other diseases or disorders, It is to be expected that these disorders
would be more amenable to clinical intervention at a precllnical stage

than at a more advanced stage.



PERSONAL BENEFITS OF A HEALTH EVALUATION AND ENHANCEMENT PROGRAM

Fred Heinzelmann, Ph.D.* and Donald C. Durbeck, M.D.*

A study was made of the benefits reported by participants in
a health evaluation and enhancement program dealing with physical
activity. The program was conducted among employees at NASA
Headquarters in Washington, D. C. Program benefits were identified
and defined in regard to three major areas: program effects on
work; program effects on health; and program effects on habits and
behavior. A strong positive and consistent relationship was found
between reported benefits in each of these areas and measures or
improvement in cardiovascular functioning based on treadmill per-
formance. Significant differences in these measures of improvement
were also found between participants who reported program benefits
and those persons who did not. These findings provide a meaningful
profile of the pattern of benefits generated by this kind of health
program.

An association has been found in both experimental and
epidemiological studies between physical inactivity ani 'requency
of occurrence of sudden death, myocardial infarction and CLToOnaYy
heart disease. (1,2,3,4) This association has led a number of
health professionals to encourage increased physical activity as
both a preventive as well as a health enhancing measure.

The present report is based on an organized physical activicy
program conducted at NASA Headquarters in Washington, D. C. The

goals of this program included both disease prevention as well as

health enhancement.

* At the time this study was conducted, the authors were both members
of the Heart Disease and Stroke Control Program, Regional Medical
Programs, Health Services and Mental Health Administration.

Dr. Heinzelmann is now with the National Institute of Law Enforcement

and Criminal Justice, Department of Justice. Dr. Durbecck is currently
a Fellow in Cardiovascular Disease with the Clevelan?i Clinic Fiucaticnr
Foundation.
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THE NATURE OF THE PROGRAM AND ITS IMPLEMENTATION

The Health Evaluation end Enhancement Program at NASA Headquuiters
was carried out as s collaborétive effort between the NASA Divisicn or
Occupational Medicine and the U. S. Public Health Service - Heart
Disease and Stroke Contrcl Program. All NASA employees considercd
eligible for the Program were identifieq from a payroll listing an.
included males, age 35-55, with GS pay ratings of 11 or higher, who
were directly employed by NASA in the Washington, D.C. area.

These men.were notified of the initiastion of the NASA-USPlIS-Ilealth
Evaluation and Enhancement Program by an announcement in tﬁe NASA
Weekly Bulletin, and by a written invitation to attend a program
vrientation seséion. Subject material at the orientation sesazions
included g general discussion of the Health Program and its objectives;
the benefits that could be derived from participation; and the threes
kinds of physical activity programs available. These programs con-
sisted of': (1) a Stress Lab program involving a circuit of exercics
activities such as électronically-paced rowing machines, bicycles,

.treadmills, ete., (2) a group Jogging program and (3) an individus .
program incorporating an exercise regimen similar to the group Jegging
pﬁbgram. The participants in all three physical activity progrars
were expected to exercise for 30 minutes three times a week, The
Stress Lab and jogging progrems were supervised by physical educato g,

"The individual program was unsupervised.
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Volunteers signed up for the Health Program in July 1968, and
were asked to provide evidence of consent from their personal physician.
Upon receipt of the consent form, each person received a baseline
evaluation, consisting of a self-administered medical history and
dietary history, chest X-ray, and blood work (CBC with différential,
urinalysis, sedimentation rate, two-hour post prandial glucose, fasting
cholesterol and triglycerides, uric acid, and creatinine). Anthropometric
measurements and a detailed physical examination were also included.

Social-psycholcgical data dealing witl, the individual's health
attitudes, habits and practices were obtained thrdugh personal interview
and self-administered questionnaires. Special attention was given tc
the following dimensions: perceived health status and health concern;
perceived vulnerubility to a heart attack, cancer and stroke, beliefs
concerning the specific health actions considered relevant to the
prevention éf these threats; and behavior patterns dealing with smoking,
diet, physical activity, and voluntary medical check-ups. In addition,
efforts were made to assess perceived control in regard to illness and
health, attitudes toward medical care and medical research, and general
attitudes toward heart attacks and physical activity.

Resting EKG, Double Master, and multistage treadmill tests were
conducted at the Applied Physiology Laboratory of the Heart Disease
and Stroke Control Program at Georgetown University. The treadmill
test procedure consisted of a 15-minute exercis< phase and a 10-minute

post-exercise phase. The exercise phase began with an initial 2-minute
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warm-up at 1.5 mph, 0% grade. The speed was then raised to 3 mph.
The grade was raised L% at the end of each 3-minute phase of the test.
The subjects were continuously monitored by a bipolar VsR, V5L lead
with a sternal ground.

Upon completion of the baseline evaluation examination, each
participant met individually with a study physician to receive an
analysis ofihis examination‘results, suggestions for risk factor
improvement .when appropriate, and a more detailed description cf each
exerciseAprogram available. Subjects with positive Double Master tests
were excluded from the study. Each participant was enteréd in the
exercise program of his choice, and invited to attend a group orien-
tation session concerning his exercise brogram. At these sessions,
discussion centered around basic exercise physiology, particulars éf
the program and instructions in taking one's pulse using the carotig
artery in thé neék. Each participant was checked for accuracy in taking
a resting and post-exercise pulse, and was asked to exercise in a heart
rate range that was 85% (%S beats per minute) of his maximum predicted
heart rate, providing he had exceeded that rate during the baseline
treadmill test without diagnostic EKG changes. Subjects with positive
treadmill tests were given less vigorous programs. Each Participant
was provided with specific work prescriptions designed to achieve 85%
of his maximum predicted heart rate and was tolgd to use his heart rate
as his ultimaﬁe exercise monitor and goal. Groups of participants were

~then shown the setting of the exercise program that they had chosen.
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MORE DETAILED DESCRIPTIONS OF THE THREE EXERCISE PROGRAMS

The Stress Lab was developed by NASA Headquarters,'Division of
Occupational Medicine, and the Blo-Dynamics Corporation. It is a
pleasant, well-equipped and convenient place to exercise, located in
the sub-basement of one of the NASA office buildings in Washington, D.C.
The exercise program is similar to a series of calisthenics done in
sequence, arranged in an interval pattern so that each strenuous
exercise station is followed by a less strenuous one. Program par-
ticipants performed the following "cirecuit" of sequential activities:
warm-up, treadmill I, speed bag, bicycle, wall pulley,‘robe Jjump, sit-ups,
rowing balance beam, treadmill II, medicine ball, and taper off. The
treadmill exercises last 3 minutes, the others 90 seconds. After each
exercise, the subject took a 15-second immediate post-exercise pulse
and recorded this pulse in terms of beats/minute. Prescriptions were
written weekly, and were individually tailored so that each subject
reached 85% of his maximum predicted heart rate (target heart rate or
THR) on the cardiovascular exercises (bicycle, rope jump, rowing, and
treadmill IT, and 70% of maximum predicted heart rate on the remaining
exercises. The subjects were asked to exercise at least three times
per weck. Fach exercise period lasted about 25 minutes. Substitution
exercises were provided for make up and travel. The facility was

open 8:30 a.m. to T:30 p.m. each work day and there was no scheduling

of activity vime.
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The Jogging program was conducted at the Ahaoostia Naval Annex,
which involved a 10-15 minyte drive from NASA Headquarters. Subjects
were transported to and from that location twice sz day by a conmbination
- of government and personal vehicles, Subjects o FURCD e perron: o

A

3-minute warm-up, ana s 2-minute Laper off'. The dogging progeam itaelt

conelisted of intervalg of jemging and walking progressing both ir actual

time spent Jogging and in rate of speed. Subjects.tock STV A RS RIS
bulses arter the last four Jogging pericds of the day‘in a manner similar
to that wseg in the Stress rab pProgiram, and the same heaot rate and

‘ prescriptioh rmcthods used in the Stress Tab pragram were used hore,
Suﬁétitutions were provided for make-up periods, weekends and travel,

Tbe individual program was wisupervised, and involved crcentially
the same exefcise'program as described foi1 the Joeggers. However, subjects
in this.progrém.did have the opticn of ruming in place, bench st2vping,
_bicycling, swimming, basketball, and skiing. Faeh subject was asked o
send an exercise‘fecord to the study physician weekly.  Suggestions ana
changes were made in the brescription as needed..

A total dfﬁ998 men met the eligibility criteria ror the Health

5 volunteered trorp

Pfdgr&m, About one-third of the eligible NASA emple;,
the Program and of the 259 men who actually participated, 156 (60)

selected the Stress Lab rogram, 59 men (224 selecteod the Oprging
" | o - #4 \ ! J s >

brogram, and Ul men (18%) selected the individual progeam.

ol d
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At approximately 12 months after baseline determination, the
following parameters were re-assessed: (1) Selected health attitudes
and beliefs, (2) cholesterol and triglycerides, (3) carciovascular and
orthopedic history and physical exam, (4) resting BKG and treadmill
test, (5) dietary patterns, (6) anthropometric measures, (7) shysical

activity and smoking patterns and (8) reported program efoeocts in ve

ST

to work, health, and heelth habits and behaviar. ALl variiclyants,
regardless of adherence pattern, were strongly uoged oo ieike part in
the retesting procedure.

The present report will not focus on the physiological effeots
that were generated as a function of participation in the physical
activity progréms. These results are discussed in a separata repcrt.'f
However, it is important to indicate that significant changes in measurc.
of cardiovascular functioning were observed. These included improvements
in measures of heart rate at a standard workload and the time required
to reach a specific heart rate. There were no effects observed in
regard to changes in blood lipids. While there were signiricant changes
in skin fold measures, body weight did not change significantly.

Data regarding program attendance are also relevant., While the
three exercise programs were not directly comparable, the mean attendance
rates were rather similar--averaging about 1.3 days per weck. In general,
the mean attendance in each of the three brograms was about half of that
prescribed. During.a typical week, about one-halfl of the participants
did not participate at all, about one-fourth exercised one or two days

and about one-fourth exercised three or more days.
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PROGRAM EFFECTS ON HEALTH ATTITUDES AND BEHAVIOR

In evaluating a hemith program, it is important to ceonsider the
broad range ¢f cffects that may be genorateq by participat s iy the
Program, Fdr_example, in addition to the bhysiQLogical changes that may
be produced, it is important to give attention to the cf'fects that
program participation may have on health attitudes and behavior, Since
previous research has indicated that organized physicél activity
brograms can have significant effects on health attitudes arg behavior,
Special attehtion vas given to s systematic asszonment of’ these varishles
in the NASA program setting.

| After the NASA brogram had been in operation Tor abbut ME year

cal examiration) an

[=N

(and concurrent with +the individual's 7Tinai med
assessment was made of rrogram effects on the pErticipanits ' hoalih

. . >
attitudes ang behavior. A self-administeread wuestionnaire was uged 1o

determine whether cr not participants reported any effects o changes
in regard to three major content aress:
- Program effects on work

« Program effects on health

. Program effects on habits and behavior

* This questicnnaire had been developed, pretested and employead
effectively In previous research efforts concerned with this
problem area,
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The assessments in these three areas were designed to measure

changes of a positive or negafive nature which participants felt were

8specifically due to their participation in the program as well as any

other changes that may have occurred which participants did not

specifically attribute to the program,

General Findings

« Virtually all of the changes or effects that were reported by

participants were Judged by them to be due to their particl-
pationvin_fhe program. In addition, the specific-effects that
participants did report as due to the program were viewed as
positive or beneficial in nsature. Only a very small number of
negetive effecte were reported involving increase in food con-
sumptioﬁ (h% of the participants) and weight gain (3% of the
participahts).

In general, the most prevalent brogram effects reported were
those dealing with feelings of better health and increased
stamiﬁa. Other effects reported in descending order of
frequency eoncerned weight loss; decrease in amount of food
consumed;.ﬁore positive work attitude; less stress and tension;
improved work performance; decrease in the amount of food
consumed more selective in the kind of food conaumed; increased_
physical actlvity beyond the program, expanded recreational
activities; more adequate sleep and rest; and reduction in the

amount smoked. (See Figure 1)
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- A very strong positive, and consistent relationship was found
between program adherence and reported program effects. In
each of the three areas--work, health, and behavior--(as well as
within each area) effects were reported most often by persons
whose adherence level was good and least often by persons whose
adherence level was poor.* (See Figure 1 and 2)

« Participants also reported some program effects on the health
habits of persons in their social environment-<their spouses,
family, work colleagues and friends.

It should be emphasized that this general pattern‘of findings

replicates the results obtained in previous research studies of several

pPhysical activity programs conducted in community and university settings.

Specific Findings

Participants were asked about program effects in regard to work--
both in terms of their work performance and their attitude toward work.
(Figure 3) |
The relationship between reported effects and adherence shown in
Figure 3 was reflected in the participants' statements indicating that
they could work harder both mentally and physically and/or that they

) enjoyed their work more and found their normal work routine less boring.

Measures of adherence were based on the average number of days a
person participated in the program per week. Three major groupings

cf adherence were defined--good, fair and poor, corresponding to the
upper, middle and lower terciles of the distribution of mean attendance
figures for all participants.
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Changes or effects that were reported in relation to a person's
health are presented in Figure 4, These effects included increased
positive feelings about one's health status; increase in the person's
level of stamina and energy; weilght reduction and a decrease in the
level of stress and tension experienced.

(Figure k)

Typical comments here included statements to the effect that the
person felt better and healthier, that he had more stamina and more
energy, that his weight had been reduced or was better distributed,
and that in general he found things were less stressful and/or that he
could handle stress and tension more effectively and with less impact
on his 1life.

The effects of progrem participation on habits and behavior are

presented in Figure 5. These effects were reported in regard to diet;
increased physical activity beyond the program; expanded recreationai
activities; more adequate sleep and rest; and change in smoking behavior.
It should be emphasized here that very few participants indicated that
they were eating more now or that they needed more sleep and rest than
before.
(Figure 5)

Relative to physical activity, our data suggest thut for a number

of the program participants, physical activity had became a 1 :rvasive

habit in terms of their life style. For example, they were u.u more
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physically active than before, both within and outside of the program,
with many participants reporting that they used stairs rather than
elevators and fhat they often walk rather than ride when the option
presents itself. In addition, many particlpants indicated that their
pattern of recreational activities had expanded and that they now were
participating more in such activities with their family and rriends.
Participants were also asked about program effects on the health

habits of other persons in their immediate social environment--their

spouse; family; work associates; and friends and neighbors. (See
Figure 6 below)
(Figure 6)

In general, the participant's wife and his work associates were
mentioned most often as individuals whose health habits had been
influenced by the fact that the individual was participating in the NASA
program. Other family members and friends and neighbors were also cited,
however. The comments of participants indicate that the influence process
here often involved discussion of the program and its effects leading
to a heightened interest in and awareness of health matters on the part
of others. In addition, no doubt, the individual's participation in
the program served as a model and incentive for health behavior change
among those persons with whom he rclated most directly.

Attention was also given tc the kind of effects the program had on
the habits of others. 1In general, it was found that the habits of others

were most directly affected in regard to exercise~-leading to inecreased
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levels of physical activity and exercise on the part of individuals who
had often been quite sedentary. In addition, éhanges were reported in
regard to diet and weight control as well as a greater interest in
health matters in general.

Once again we note that the effects of participation in a health
program can be pervasive with changes in health interest and acticn
generated among a network of individuals to whom the participant relates.,

Participation in a health brogram may thus generate a dual set of
effects:

* The program may serve as a catalyst for change in regard
to the participants' broader pattern of health behavior

as well as influencing his feelings of health and well being.

* The program may stimulate health behavior change amcng
others with whom individual participants are in most direct
contact. This "ripple effect" can serve as a source of
diffusion of additional program benefits.

In summary, it is quite evident that participation in a health
program can have a number of direct and indirect effects on various
forms of health habits and behavior. These effects are usually linked
to a change in the person's health orientation indicating greater health
interest and awareness., In considering the total benefits of a health

Program and in evaluating the possible range of effects that may be

T0



fproduced it is important to include these consequences as part of
1the focus. of attention. In short, participation in a health program
can influence how a person thinks -and feels and what he does in regard
nllto various aspects of "health including both disease prevention and

health enhancement.

- THE RELATIONSHIP BETWEEN REPORTED AND MEASURED PROGRAM BENEFITS

The research'methods employed in this study maede it possible to
analyze the relatlonship between findings concerning program effects
obtained on the basis of self-reports and findings based on observation

5_'and measurement This issue was examined in regard to self -reports

"‘:concernlng percelved level of fltness and perceived effects of the

health program - in relatlon to measures of improved cardiovascilar
“functionlng based on treadmill performance. Analyses examlning the

.relatlonship between these sets of variables are outlined and discussed

'::'below. ‘ | | . | /;

" THE RELATTONSHIP BETWEEN PERCEIVED LEVEL OF FITNESS AND MEHSURES OF
FITNESS INVOLVING CARDIOVASCULAR FUNCTION

In order to’ examine this matter systematically, attention was given
ZNto the participants perceived level of fitness before the program was
ltinitlated and their level of fitness determined at that time on the
basis of treadmill performance; Fitness was defined here operationally

in terms of several measures of cardiovascular functioning.

t

T1




wASA HEALTH EVALUATION AnD ENHANCEMENT PROGRAM

Table 1. THE RELATIONSHIP BETWEEN PERCEIVED LEVEL 07 FITNESS
AND MEASURES OF FITNESS INVOLVING CARDIOVASCULAR FURCTION

. o P \ L OF FITNESS
“MEASURES OF FITINESS * ERCEIVED LEVE .
; . , s NOT xm)rrK A LITTLE - MODERATELY SO VERY MUCH SO
i -] AT AT AL o L
3 B {N=11) . (N=50). 1 (N=68) : : (N=23)
Zoo: time aarm:& to 7.7 (min.) 8.1 {min.) | 8.9 (min.) : ?.7 (min.)
reach a heart rate of - . : L : o , :
140 beats per minute
Mean time required to | 8.7 (min.) |97 min) | 104 min) | 10.6 min.)
reach a heart rate of : , : A
150 beats per minute
Mean “heart rate at 12% g 162 (bpm) 159 (bpm) _uu.?vav 152 bpm)
grade, 3 mph ~- 12 min. .
into the treodmill test
Mean heart rate ot 16% 175 (bpm) 170 (bpm) 167 (bpm) 165 (bpm)
grade, 3 mph — 15 min. .
into the treadmill test

A



(Table 1)

Table 1 presents data on the relationship these two sets of variables
demonstrating a highly consistent and positive correlation between them.
In short the individual's subjective assessment of his level of fitness

_ corresponded directly to several objective measures of his fitness level
.based on his treadmill performance. The more fit 8 person perceived

himself to be, the more likely he was to require more time to reach g

of cardlovascular functioning.

- THE RELATIONSHIP BETWEEN REPORTED PROGRAM EFFECTS AND EFFECTS OBSERVED
IN CARDIOVASCULAR FUNCTIONING

In order t6 examine the total pattern of program effects in g com-
bPlete ana meaningful manner, attention wasg given to the bersonal health
'effects reported by the brogram participants in relation to the effects
oObserved in their cardiovascular functioning based on treadmill
ferformance.»Ain general a highly consistent and positve relationship
4was-observed between these "subjective" and "objective" measures of
program effects, In addition, significant differences in the measures
of'impfovement‘in cardlovascular functioning were found between par-

t1c1pants who reported health effects and those palt1c1pants who did nct.
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‘able 2. DIFFERENCES IN MEAN CHANGES OBSERVED IN STRESS
TEST PARAMETERS BETWEEN GROUP REPORTING A SPECIFIC

PROGRAM EFFECT AND GROUP REPORTING NO EFFECT

DIFFERENCES IN MEAN CHANGE IN STRESS TEST PARAMETERS

TIME TO TIME TO HEART RATE | HEART RATE

SPECIFIC PROGRAM | DURATION | REACH HR REACH HR AT AT MAXIMUM
EFFECTS REPORTED OF STRESS OF 140 bpm | OF 150 bpm 12 MIN. 15 MIN. HEART RATE

TEST Min.) | (Min.) Min.) opm) bpm) bpm)
Feelings of batter 1.4%* 1.36%* 1.15%¢ 6.8** 6.1 4.5
health
Greater stamina e 1.310¢ .90 5.9ee 6.3°* 6.9%¢
Greater health in- 1.2%¢ 2.010e 2,120 8.6%* 8.4%* 10,10¢
terest & awareness
Less stress and 1.1%¢ 1.679¢ 1.16% 7.3%e 6.6%% 7.6%®
tension

N .

Weight reduction 1.0% 1.44¢ 1.08%* 7.2%* 8.5%¢ 7.8%
More positive work .8° 1.73¢%¢ 1.44¢%* 6.8%° 6.2°* 6.2%*
attitude .
Improved work 3 .60 .8le 2.4 4.3 3.3
performance
Amount of food 7° 1.029* 63 2.4 3.0 3.5*
decreased
More selective in .8 47 23 3 2.1 2.5
kind of food ) )
Mors adequate .6 .92¢ 1.01¢ 3.5 2.4 3.1
sleep & rest :
Increased physical .gue .57 .90* 2 .1 2.3
activity beyond
the Program
Increased .9* .57 .63 s .9 3.3
recreation
Smoking less 7 A7 .55 7 .0 2.5

* Indicates a significant difference at the .05 level of confidence between Group reporting an effect &
Croup reporting no effect due to Program.
®® Indicates a significant difference at the .01 level of confidence between Group reporting an effest &
Group reporting no effect due to Program.
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Specifically, after the program had been in operation for one
year, attention was glven to phe program effects reported by par-
ticipants and the levels of improvement noted in measures of their
cardiovascular-fnnctioning. Differences 1n an individual's tread-
mill performance based on measures obtained before the program began
and the same treadmill test one year later were used to determine levels
of improvement
| Each of the 13 areas in which participants could report program
effects was examined in relation to changes in the cardiovascular
parameters assessed on the basis of treadmill performance. For each
area in whlch an effect could have been reported, participants who
.reported a program effect were separated from participants who reported
no effect in that area. Thesge two groups were then compared in relation
to the improvement noted in their cardiovascular functioning based on
'treadmill performance. The latter included mean changes in 6 para-
meters that were assessed through physical stress testing of the
'cardiovascular-system.

| (Table 2)

Table 2 indicates that a highly consistent pattern of differences
was found in the mean changes in stress test parameters.between persons
who reported a program effect in a particular area and those persons
.who did not. This was particularly true for the program effsctg

'reported in relation to feelings of better health, greater stamina,
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Table 3. NUMBER OF PROGRAM EFFECTS REPORTED AND MEAN
CHANGES OBSERVED IN STRESS TEST PARAMETERS

NUMBER OF PROGRAM mm_umﬁﬂ.m REPORTED *
MEAN CHANGE IN STRESS NO EFFECTS ONE EFFECT TWQO EFFECTS THREE EFFECTS
TEST PARAMETERS (N=66) (N=39) (N=99) (N=15)
Duration of Stress Test 1.0 (min.) 1.8 {min.) 2.1 (min.) 3.3 (min.)
Time required to reach heart 1.8 (min.) 2.£& (min.) 3.4 (min.) 4.3 (min.)
rate of 140 beats per
minute
Time required to reach heart 2.3 {min.) 2.6 (min.) 3.3 {min.) 5.1 (min.)
rate of 150 beats per
minute
Heart rate at 12 minutes -12.6 (bpm) -21.1 (bpm) -20.2 (bpm) -28.1 (bpm)
Heart rate at 15 minutes -12.1 bpm) -22.7 (bpm) -20.8 (bpm) -25.4 (bpm)
Maximum Heart Rate -12.5 (bpm) -22.4 (bpm) -20.6 (pm) -26.4 (bpm)

* The effects examined here

involved feelings of better health; greater stamina; and

increases in health interest and awareness. A respondent could report effects in any

one or all of these areas.

T0



greater health interest and awareness, less stress and tension, weight
reduction, and a more positive work attitude. In each of these areas,
persons who reported & program effect were found to have improved
their cardiovascular functioning at a level significantly different
from those persons who had reported no program effect in that ares.

While some.differences were also observed in relation to some of
the other program effects reported these dlfferences were less con-
sistent in relatlon to the improvements observed in each of the six
cardlovascular parameters measured.

Since certain program effects that participants reported were
highly correlated with each other (e.g., feelings-of better health,
greater stamina, and greater health interest and awareness) attention
was given to the number of effects that were reported by participants
and the 1mprovement noted in their cardiovascular functlonlng based on
changes in stress test parameters.

(Table 3)

Table 3 presents a summary of the findings here. It 1is evident
that there is a highly consistent and positive relationship between
the number of effects reported and the improvement observed in cardio-
vascular functioning based on changes in the stress test parameters.
In general, a dJrect relationship can be observed beTchv these two
sets of varlables. The increment of change in heart rate is winimal,

. however, between the groups of participants reporting one and two effects

in this ares.

T



In summary, the results of the analyses in this area indicate
that:

*¥Self-reports concerning percelved level of fitness corresponded
very well with measures of fitness involving cardiovascular functioning.

*A strong positive and consistent relationship was found between
reported program benefits and measures of improvement in cardiovascular
functioning based on treadmill performance. 1In addition, significant
differences in measures of cardiovascular improvement were found
between participants who reported program benefits and those who dig
not.

These findings establish a meaningful profile of the pattern of
effects generated by this kind of health brogram. The findings also
support the credibility and value of self-reports provided by par-
ticipants in é health program. The results obtained suggest that
improvements in cardiovascular and physiological functioning can
influence a person's thoughts and feelings about his state of health

and well being as well as his pattern of health attitudes and behavior.
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SYNOPSIS OF 45-MINUTE TATK PRESENTED
BY MICHAEL A. PAGLIUSO
NASA Headquarters, Office of Facilities

FACTLITIES ENGINEERING IN NACA

Purpose of the presentation was to give an overview of NASA
facilities outlining some of the more interesting and unique aspecs:

of engineering and facilities associated with the space program.

Outlined some of the policies under which the Office of

Facilities conducts its business.

Facilities engineering as a ctaff function embraces:

facilities planning and programming
- master planning

- plant engineering or day-to-day operations and maintenance

- establishment of design criteria, and the carrying out of
or monitorship of design and/or construction

- surveillance of our NASA industrial base and equipment

- carrying out staff real estate functions

- in addition:

- propellants/pressurants

DOD Facilities Coordination
- representing NASA on a multitude of committees

and panels which involve facilities matters

environment quality control
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' must form the base ror future space progress.

Followed by 30 minutes of slides totalling 36 in number that

highlighted NASA facilities that included structures, buildings,

. equipment and Space hardware and achievements

M. A. Pagliuso also touched upon the "hot" subject of the day -

Environmental Quality Control,

and the role Played by the Office of Facilities in this highly

controversial subject,

CLOSING REMARKS

In looking back a little over g decade since Explorer I to

Apollo 11 (moon landing and safe return), the key to our success has

been the abillty to conduct the required -

Research
Development

Testing

as needed by our programs.

Our well endowed facilities Were and are today the very roots of

national readiness and that these same type of facilltles only -

- Larger

- More complex

More costlx

To explore the unknown

’and to test the‘uncertain and untried.
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We as prqfessionals must more fully appreciate this and the value
of space.

We must take a leading role in seeing that others understand the
importance of technological and scientific progress to our national
needs.

We, as facilities engineers in NASA, are most fortunate to be so
close to a significant element of our technological and scientific progress

and

we appreciate this opportunity to share a bit of it with ycu.
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HAZARDS‘PROM HIGH-INTENSITY LAMPS AND ARCS
By David H. Sliney# |

INTRODUCTION

The principal occupational health problem generally associated with
high-intensity arc lamps results from eéxposure of the eye and skin to ultra-
violet radiation. Occasionally, the chorioretinal burns are of concern,
In general one can say that the eye is more sdsceptible than the skin to
injury from high—intensity optical radiation sources whether ultraviolet,
visible or infrared. Until recently it was felt that no chorioretinal burns
would occur from exposute to visible 1light 1n industrial operations (Kuhns,
1950), However, recgnt developments in technology have shown that some
high-intensity optical radiation sources which have output parameters greatly
different f:om those encountered in the natural environment may present a
serious chorioretinal burn hazard.
HIGH-INTENSITY SOURQES ENCOUNTERED AT NASA

Besides'thé ﬁAny lasers reported last year, one frequently encounters
source§ of continuoﬁg optical radiation; such as solar simulators,quartz-_
iodide-tungsten.lamﬁs, gas discharge tubes, electric welding units, and sources
of pulsed optical radiation, such as flash lamps used in laser research and
photochemical investigation. These 8sources may be of concern when adequate

protective measures are not being taken. At Kennedy Space Flight Center

o 20-kw xenon short~arc searchlights which each have a luminous intensity above

one billion candlepower have been used during launchings.

—

* Laser-Microvave Division, US Army Environmental Hygiene Agency.



ULTRAVIOLET RADIATION

Although onlv limited standards exist for the exposure of the skin
and eye to ultraviolet radiatfon, several research studies and other
references permit analvsis of the ultraviolet exposurc risk to "black
lipghts and arc Iamps

‘a. Ogular Hazard. Tt 1s penerallv agreed t*at ultraviolet lirht does
not present a chorioretinal burn hazard. The ocular media do not transmit
a significant amount of radiant energy in the ultraviole:t (Kinsev, 1048:
Boettner and Wolter, 1962). Ltowever, the absarption of ultraviolet in the
cornea and conjunctiva does result in photokeratitis. Fxperiments by Cogan
and Kinsey indicated that the peak response for photcxeratitis is at 288 nm
and that radiation havin; wavelengths greater than 31" nm do not appear to
produce photokeratitis (or at least one can sav that sich radiation has less
than 1/100th times the effectiveness of energy incident upon the cornea at
the 310 nm wavelength) (Cogan and Kinsey, 1946). Cogan and Kinsey reported an
integrated dose (radiant exposure) of 0.015 j/cm? was required to produce
ohotokeratitis_ln rahhits' eyeas at the 288 nm line. “ore recent investigations
bvaitts (Pitts, é&_gl, 1969) indicate a slightly lower threshold for
photokeratitis in the rabhit, as shown in figure 1. Pitts, et al and previous
investigations generally reported that the human eve was approximately twice
as sensitive to ultraviolet than the rabbit eye, but rhe spectral sensitivityv
was essentially the same,

The action curve for the production of phaotokeratitis in the primate

eye 18 shown in figure 2 and is believed to be reasonably close to rhe
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Threshold for Photokeratitis in the rabbit (j/cm?)

10 E T T T YT T T T T T
i
1.0 L '{ - .
E // -
: Cogan and Kinsey /'i
0.1 - | ' -
E 1tt.0. o_t.' al
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Pigure 1. Threshold for Photokeratitis in the Rabbit Eye
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action spectrum for the human eye (Pitts.kgs;gl, 1970). The minimum threshold
dose cited for the human eve (at 270 nm) is given bv Pitts, et al as 5 m§/cm?.
Defining the hizardous lavel as half this value, 2.5 mj/cm?, the maximum
permissible exposure maV he computed in the followinjy way: The specirum

H(A) of, for'example. a blacx light (figure 3) may be nurerically integrated
with the action Curve S(1)) for photokeratitis to yie!d an effective irradianca
weighted to the ultraviolet action spectrum to determine if the hlack light
could produce photokeratitis in the normal human eve by uvsing the following

formula:
320

n’ -E(A) S(A) 4 A
00

/ ) .
H = effective {lluminator irradiance reference: to the 270 nm wvavelength

where:

in W/cm?’(i.e., the irradiance of a monnchromatic source at 270 nm

nrroducing the same biological effact upon the eyé:aa the 1lluminator)

R(A) = spcctrqi irradiance of black light (fipure 3) in W/ em?.nm
S(A) = relative spectral sensitivity of the eye (figure 2)
The affectiv§ normalized irradiance obtained ﬁaing the spectral irradiance
in figure 3 was 3;3 x 10'.a Wem?., If we multiply this trradiance t.. 28,6800
| seconds (number of secon&s in eight hours), we obtain an integrated dose of
9.5 x 10-* §/em? thch is a factor of 2.8 below the threshold value of 2.5 x
10-3 §/cm?. | |
»b; Skin Hazard, The minimal erythemal dose for ultraviolet ervthems 1is

strongly wavelength dependent (resembling the sensitivity curve for photokeratitis)

. The action spectrum generally is believed to have two peaks at 260 and

300 nm (Giese, 1964: Blum, 1954; Urbach, 1969). The minimal
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erythemal dose at 300.nm is on the order of 10-2 §/cm?, The AMA Council
on Physical Medicine (1948) recommended a maximum exposure dose at 296.7 nm
2
of 0.3 uW/em? for eight hours or 8 x 10-3 {/cm?,
-CHORIORETINAL BURNS
The potential for receiving a chorioretinal hurn depean upon the wave-

length distribution of the source, the hrightness (radiance) of the source,
the exposure duration, and the size of the retinal image of an observer. The
.first three parameters are generally known, or can be obtained from manufacturegs'
data, or can be measured bv several types of instruments. The latter parameter,
retinal image size, dgpends uﬁon the viewing situation of the exposed
individual and some knowledge of the application and operational situation is
- required to obtain thig,

| Retinal injurv due to radiant energv was discussed at length long before
‘the advent of the laser. Much data are available relating_to eclipse blindness
and results of viewing the sun., There are many reports of accidentally and
experimentallv produced retinal injury produced by intense man-made radiant
sources, such as electrih_arcs and the nuclear fireball. Results of injury
to the human eye and to the eye of experimental animals (generally fhe rabbit)
prévide an extensive literature. Effects of viewing the sun, particdlarly during
an eclipse, hgye hégn reported throughout historv. As early as 1867, Czerny

prodﬁced expetimentql lesions in the rahbit (Walker, 1916), and several later
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investigators used experimental snimals to investigate such ocular damage.
It was not until 1916 that a truly c&mprohanlivc atudy.‘hoth quantitative
as well as qualitative, was puhlished. This studv, by Verhoeff and Rell
(1916) of the Massachusetts Eye and Eay Infirmary, described the role played
by ultraviolet, visihle, and infrared radiation, in producing various ocular
effects, and remains a ciasaic in this field, A companion paper to the above
was an extensive raview, by Walker (1916), of the literature dating back
to the Ancients -- with 428 references. The review covered reports of eclipse
hlindness, bbservation_of lightning bolts at close range, and experiences of
19th centurv scientists who first worked with high-intensity arc lamps. The
reviev also covered the experimental work of Czernv, Deutschman and Herzog.
More recent reviews of the subject may be found in NDuke-Elker (1954) and
articles by Cogan (1950), Kutscher (1946a and 1946b), Newell (1964), and
Bartleson (1968),

Verhoeff and Bell (1916) concluded that man-made sources of radiant
energy would not be expected to present a retinal hazard in normal use. Only
a few cases have been reported of injury following ocular exposures to arcs
produced from electrical short circuits, welding arcs, sunlamps, and arc lamps,
This f.cord could change with the recent development of higher radiance sources.
Reports of ocular injury from such sources are discussed bv Dias (1965):

Turtz (1948); Wurdemann (1936): Jofe (1936): and Walker (1916) ., The development
of ‘the xenon-arc photocoagulator by Mever-Schwickerath (1954, 1960) showed
the beneficial clinical applications of the arc lamp in ophthalmology and

led to the laser photocoagulator. -




A larjo variety of optical radiation sources have been evaluted for
potential ocular hazards by the US Army Bnvironmental Hygiene Agency. PFigure
4 ghows the dramatic‘rlngc of retingl irradisnces produced by some of these
sources as well'na some commonly encountered light sources for comparison.
The retinal image size is of concern since the threshold for thermal injury
varies with image size even when the exposure time is extremely short and
heat conduction in the retina and choroid does not occur during the duration
of exposurs. The threshold for a 0.1-second cxpo.ufe (duration of the blink
reflex) is also showm in figurg 4. As an example of the importance of the
retinnl image iiz., consider an individual viewing an electric welding arc
without eye proteétion at a distance of 200 feet. The image size would be
approximately 20 u as is shown in figure 4. However, if the welder struck
the arc within a;foot of his aye without eye protection, not only would he _
" receive "welder's flash," he might also receive a retinal burn since the
image size could be on the order of 1 mm. The influence of retinal image
size also explains why an individual momentarily viewing the sun with the
unaided eye would normally not receive retinal injury: whereas if he were
to observe the sun evnﬁ'momentarily through a binocular or telescope, which
-increases the ;mnge size, the results are well known.

NON-THEﬁMAL EFFECTS UPON THE RETINA |

ﬁecontly, a number of investigators have heen studying the effects of
'tetiﬁal oxposuﬂd in the largely unexplored region of retinal irradiances
| _between 10-“ ﬁo 1.0 W/em?. For instance, Noell, gf a] (1966), Gorn and .

Kuwabara (1967), Priedman and Kuwabara (1967), and Kuwabara and Gorn (1968)
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have reported findings of vetinal injury in rats after long-term exposure to
ordinary fluorescent lights (note irradiance given 15 figuro 4). Sperling
| (1968, 1970) has reported a shift in retinal sensitivity to monochromatic
light sources in trained ﬁonkcyu after exposure to retinal irradiances slightly
~above 10~% y/em2;
- CONCLUSTONS

| In summary most optical radiation sourcas may be evaluated for potential
health hazards with & reasonable degree of accuracy. While fr is true that
there exiscs;a la:geiy unexploroa region of biological effects ve. retinal
irradiances betwean levels assoctated with normal daylight illuhination and
‘ levels which rroduce retinal burné, this is not a serious problem. The ritin;
would normally not he exposed to such levels since the notmal photophobic
reflex would limit.such exposures to a duration less than the blink reflex.
A possible exceptién would he exposure of the retina to near-infrared radiation
which would not evoke a nhotophohic response. Infrared sources which would
produce such retiﬁal'irradiancos do not exist in nature without a correspondingly
high percentage bf visible radiation. A few man-made sources have heen
"ﬁfoduced which employ filters to elim;nate the visible component and therebyv
present a serious hazard problem. I have not discussed the potential hazards f
of infrared catar;cfa. This subject is not well documnnted,'although one
general source of information does exist (Duke-Elder, 1954),
Biological rcaaaréh is still needed to fi11 in the gap of information
which exists for expoaure to near-infrared radiation, high-ihtcnsity
monochromatic light sources, and high—intinuity flash lamps which are

repetitively ﬁulacd.
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THE VALUE OF CONTINUED FOLLOWUP 1N A PREVENT1VE MELICINE PROGRAM

Carlos Villafana, M. D., and Jean Mockbee

The prevalence of heart disease at the NASA Goddard Space
Flight Center is between 2 and 5%. This compares favorably with
the prevalence in the general population which is from 12 to 25‘7!.l
However, during the past five yenrs,'while a fairly ambitious
employee preventive medicine program has been in effect at the
Center, the cardiovascular discase mortality rate has increased
from five to fourteen per 10,000, and deaths from other diseases
have increased from three to nine per 10,000 (Figure 1). The
upward.trend has heen almost constant (only in 1968 was there 2

drop in the cardiovascular disease death rate) and has involved

o

popunlation which has experienced no appreciable increase in aqc.
15 addition, in the past four years, temporary disability episades
(causing job time loss oi five days or more) have increased from
30 to €5 per 10,000 for cardiovascular disease, and from 99 ro Ps9
per 10,000_for other chronic diseases (Figure 21,

Clearly, the preventive measures which have been inscituted
thus far have not beaen wholly successful and the Goddavd mediecal
facility, for the past two years, has engaged in variocus program
modifications in the hope of reducing employee mortality and
disability rates. One of the measures taken has been a continued

followup of medical conditions detected.
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This is basically different from the more traditiohcl approach
taken by many physicians working in an organizétional enviroﬁmenp
such as NASA, where it is felt that the responsibility to the
employee patient‘ends with the detection.of,a potentialyyvdisabling
disgase, that the patient is forewarned at the time pf gxaminat#on,-
and from that point onward the burden is trgnéferred'td him aﬁd
to the outside medical community, to which he must turn for further
assistance. In proceeding beyond detection, we want to 1nsure that
thelconditions revealed in the course of preventivebécﬁiQities are
brought under control. In fhis paper we propose to ﬁresént the results
of the followup programs for employees with confirmed hypertension
and hypercholesterolemia which are two of the primary; if not the
most importan;,contributors to the development of cardiovéscular
disease. We hope it will bring a clearer uﬁdersﬁandiﬁgvof the role
that continued followup has as an gésential element of.any preveﬁtivé'

medicine program.

METHODS

Hypertension followup is accomplished by a seriés of ‘visits to
the medical facility at specific intervals. An employee in whom |
hypertension is suspected is requested to return on three successive
days for repeat blood pressure checks. Blood pressure is taken after

a ten minute rest period in three different positions: sitting, standing,
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and recumbent., The criteria used for hypertension are: systolic
pfessure of 150 or greater or diastolic pressure of 94 or greater.

At the end of this period the patients in whom the condition is
confirmed are referred to thevprivate medical community for treatment.
They are then requested to return to the NASA facility at duily,
weekly, or monthly intervals, until the adequacy of the control
measures has been established.

If an employee's blood pressure continues to bé ancon:irolled
on followup visits, he is returned to his private physician for
further management., The objective is to insure adequite control ol
his blood pressure,

Cholesterol followup is accomplished by a series of visits tc
the medical facility for repeat cholesterol measurements, ai three
month intervals. The blood samples are coliected after fasting for
eight hours. An employee with a cbolesterol value, at the time of
“examination, of 250 mg% or greater, is counselled about diet and
placed on a follohup.roster, and his name is not removed until his
cholesterol drops below 250 mg%. If cholesterol is 3C0 mg% or above
and persists at that level despite dieting attempts to control it, the
patient is then referred to his private physician for further studies

to determine his lipid patterns and the possibility of medication.
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Cholesterol, unlike hypertension, is controlled mainly by diet,
Since the employee-pntient receives no meditation, the emphasis is
on his own self-control in readjusting a lifetime eating habit,
Unfortunately, information obtained through routinc questionnnaires
at Goddard reveal that the average cholesterol content of the diet of an
employee with confirmed hypercholesterolemla does not appear to be
excessive, or differ notlceably from employces with no cholesterol
problem., These food quantities may be biased, however, in that years
of repeat examinations and counselling, even without explicit

cholesterol followup, might have already cauerd some alteration in

~ the diet pattern.

RESULTS

bln_a thitty‘month period from January, 1968, to June, 1970,
1,719 male emp]oyees were examined at the Goddard medical faclllty
Their occupations, ages and socioeconomic backgrounds were as widely
s diversified as the findings from their examinations, and generally
were representatlve of the total NASA Population. Two hundred and one
cases of hypertensxon (11.7% of the total population) were detected,

Pro;ectlng this to the population remaining to be examined, it jg

likely that the total for the installation wouid. be 34§ cases.
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A group of 184 confirmed hypertensive employecs received
followup at ;hé Goddard clinic for a thirty month period. Another
group of 31 employees with confirmed hypertension réceived no
followup. The status of their conditions was evaluated at the end of
the study period.

Among the 184 employees that were followed-up for hypertension,
there were significant quantities of additional coronary risk
factors, such és family history, smoking, and elevated cholesterol,
tﬁe most uni?ersai factor being overweight, which was present in
80% of the patients (Figure 3). The sample of 31 employees with
confirmed hypertension, but who had no follqwup in the clinic, showed
a comparable prevalence in these factors, Both groups are comparable
in age, occupation, salary level and education,

Of the 184 followup cases, 98 or 53%,.Were considered to have
adeéuate therapeutlc control. This was significantly higher than in
the group with no followup in which only 7% of the patients were found
to be controlled(Eigure 4),

In occupation and educational background there was no significant
Qifference betWeen>the contrclled and the uncontrolléd hypertensive
'patients; By ten year age groups, there did seem to be an upward
trend in control’ among older employees (Flgure 5) This may be due to

- generally greater concern for health with increasing age, but also to
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the_f&ét that sqme‘Af the employees in the controlled group, by
age SO'ﬁéd already experienced acute cardiovascular disease episodes,
. and cénprpi.of hypertension was thus intensified, 'This sugpests
that‘we should place more emphasis in our followup program on the
 y6ungéf'hypertensive_employgeé. |

| Hyperteﬁsion followup is now a reutine élement of the Goaddard
breVentivé‘medic}né program. The sjgnificancq-of good hypertension
controL ié perhaps most dramaticglly denonstrated in Figure 6,
Althoﬁgh the numbers are far too small to present conulusive
evidence? in records of employee cardiovascular disease mortalicies
and diéability retirements over a 25 month périod, personnc) loss
was 5. 8A per year amoné employees in whom hypertension was uncdanoLledﬁ
‘compared to 0% among employees in whom hypertension was adequately
conLrollkd Thls is in agreement with feceﬁt Veterans Administratfon
étudieSQ'which have shown that control of wild hypertension wil} result
in less:éa}diévascular episodes, The Framinghdmvftudy? where svetolice
.blood pressure was found to be as important as diastolic bloog przssure
as a- 115k faanr confirms these findings,

Hyperéhoicsterolemia, defined in our stﬁdy as the prescice of

a cholcuterol level of 250 mg?% or greater r, is.fohﬁd in 28% ci the
’ Godda1d male employLe° Four hundrcd and sevenfv4nine cases have.bccn
detected Lhus far Prolcctxng Lh;s Lo the total population it is

posslble that 879 cases may be present at the installation.
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The prévalonce of additional coronary risk factors among
'.employees with hypercholesterolcmia is ccnuadnrab1y les than among
cmployees w1th hypertension (Figurc 7). The most universal factors
3here are family hlstory of cardlovascular disease, and overwveight.
' Of the 2{2 confirmed cases, 125 (L6%) were considered to have

: adequate control 88 (32%) were questionably oonﬁ?ol]éd and 59 (22)
were found to be uncontrol]ed By occupatlon and cducational level
(as in employecs with confirmed hyportenjlop) there was no significant
dlfference_between employees who were controlled and those who were
uncénfrélled...

| " By fon ycar age groupu, there appears Lo be é do&ﬁ;é;d trend
1n the abL]Lty to oontrol chole%felol dmong nlder employces (Figurs 8),
. Thvs is precLse1y opposite to tho pattern e;ilbll shed émong hyperteniive
emp'uyeeg, wherc control was fcund to be Fr:atex Jn the older age

groups. In ofhfr worus, prevalenne of hprPChOJ:”tLrOl«mla is. lvré

,.1n older a"e proupu, but tho‘e hav1ng 1t are more deIL\ul* to contied,

Younger age g:qups may be more responsive to educatiqnal cfforts.' - ‘ ‘
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253 Male kEmployees with Confirmed Hypercholesterolemia
Degree of Control, by Age Group '
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DISCUSSTON

Hyperténsion patients average 4.2 vicits to the medical facility
per year fofjbléod pressure measuchentS alone, with a range from
one to fifﬁy-five visits per employece. 1In 1969, therve were 633 visits
to the Goddafd.facility, each consuminé five to eight minutes o
nursing time; or the equivalent of two man years per year. Many of
‘théivjsits arce . at the request of the employce's privats Phycieian,
butAmost_are'fhe-reﬂult of" the medical Tacility'r concern for thoir
patients, and sbme are, of course, initiated by the patients thomsclves.

Ve find that the initial ccmplete workup for hybertonsior on

=
=
o
.
O
&

new cases i3 not usually pcrformed by the private P

11



basis of the recent hypertension boll conducted by Modern Medicine,
this is not surprising.a Patients are frequently placed on medication
for blood pressure control without further testiﬁg. Whether a
preQeﬁtion clinic should extend its capabilities to provide this

kind of evaluation is open to question. However, we share the
reSponsibility.for the health maintenance of these patients with

the private physician. Therefore, if the initial workup ;s not

done pri?ately, then it should be done by the clinic.

Blood pressure monitoring alone does not constitute an
adequate followup for a hypertensive patient. Examining the cye
grounds and testing the urine for albumin as well as the blood
urea nitrogen, are additional measures. Therefore, ou: followup
measures are incomplete.

Generally, it is felt that hypertension as a disease is not
fully understood by the patients, or adequately explainced by the
private medical community. Often the empioyees are unaware that
the medications they are taking may or may not be adequate and each
case must be evaluated independently until the right medication dosape
is established. They rarely understand that they will probably be on
" this medication for the remainder of Fheir lives, and to interrupt

treatment for a week or a month may place them in a risk category.



' For economic reasons, an employee may not wish to spend the money
for his medicine, or, if his private physician is on vacation, may
not be aBle.immediately to renew his_prescrip;ion. For whatever
the feasoﬁ,'an individual's blood pressure wavers {rom day to day
and week.;o:week, and only through a schedule of voutine monitoring,
‘as a miniﬁél followup, may dangerous changes be dcﬁected.' It this
anitoring ié not performéd properly by the privéﬁe community,
“then it béc§més an additional, but necessapy‘bﬁfdén to the preventive
clinic, | |

i

Choléstgrol monitoring is difficultrﬁi'échieve when left to
the outSEAé ﬁédical community. Since theﬁédéieht feels no i1l effvcts
from the Céndition, he is less likely ko spend the noney and tine for
repeated'Qisits_to his private physicfan. Similarly, the private
physiciaﬁ,vviewing a patient in apparent good health is less likely
to dévotéuéé much attention to him as to his patiénts with verified
illness'sympfoms. Consequently, the condition goes unchecked, and
each year the cholesterol deposits increase untll they become a very
real threat lﬁ.the development of cardlovascular disease. It does
appear from the Framingham Studies that the risk is increased as
the cholestéfol increases, even when the individﬁal has values below
250 mg%. .

The limitations of time and medical resources pose a very real
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problem in the selection of appropriéte preventive medicine
activities, and the employee candidates who will be the recipients
of the services. The folly of placing total reliance on detection
mechanisms has been proven to the satisfaction of the Goddard medical
staff and.it has turned more and more to increased diagnostic and
supportive éare. If we are going tg operate a truly preventive
medicine program, then an adequate followup mechanism has to be
instituted. Otherwise, many early symptoms and conditions will
continue to be ignored and g0 untreated until they develop to a
stage beyond control, and to a point where they cause not only
potential physical impairment, but a threaF to life itself,
Continuous followup is one way inlwhich the contribution of
occupational health clinics to the total health care of the people
who work in a community would -be more productive. It relieves the
Private physician of an excessive burden in his office, allowing him
more time for actual treatment of medical conditions. The combination
of treatment by the private phys;cian and followup by the employee
health clinic thus insures a high quality of care and correction or
improvement of the medical conditions prevalent in the population.
The question of resources allocation to services rendered
assumes major importance_here. If resources are to remain the same,

then it is mandatory that we look at each service performed and modify,
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increase, doorease, or eliminate it altogether after a careful
~evaluation; -This'shoqld be particularly applicable to the‘periodic
:eXaminatioonhioh involves, in many instances, a great waste ofbtime
repearing”year'after year nonproductive procedureo A restructuring
of the phy51ca1 examination is in order so that the scope and contents
of the exam1nat10ns ore strictly based on the health rlsus and needs
of 1nd1v1dua1 employebs This would eliminate a oomoletc examinatimm
for everyone ;s a requ1rement More careful SCILCtLOn of emplovee

candldatcc who would bc the recipients of services is also important.

‘SUMMARY

We have presented some evidence to supnurt the view that continued

fo llOWup of condltlons detected should be an integrallpart of
the prcventive“medicine program It should compete eQually for

résource allocat1ons with the other Preventive services offered in

the total program. It is one of the many contributions of the prevent

medlclne program to the total hea]th care of the individual emplovec

“and hls communlty
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-COMMENTS BY ARCHIE A. HOFFMAN, M.D,

L)

Gentlemen, it is Y privilege to make g Tew remarks concerning thi

411

stimulating work done at the Goddard Space Flight Center. In-. Viliefana
~. elucidates the problems 1in an occupational medicine vrogram that Sverinp
inte the private prectice of medicine, This study chows how Qcennationa

medicine cagy strengthen apparent weak pointsg of private praciice,

-

Dr. 'Jj.i]..af'ano. lnla.vz‘»ha.d a good deal of success in the {1 owaun of the
GSFC popolation with stigmata of cardiovascular disesse. Ha hag
_agg s ively monluurcd ‘the emp;oyees 1nvo]vgd contacto: the =ria-e
physic;ans reoorced on their cerntrol meag sures znd sugsested cirtcager
therapy as needed. Thig ndper reveals the difficulty in evaluating the
ambulatory paflent with suggestive evidence of hypertension and hyper-
:'ten51ve hearu dlsease The status of casual blood pressures remaing to

be clarified in many instances,

Once it has beeh determined that hypertension is preéent Ly either
serial blcod. pressure readings 1n the physician's cffice or by a.m,

and P.M. recordings at home, the examinee ideally should be hospitalized
for study° Thisvis an importent step since, depend1“5 on scurce guoted,
5% to 20% of hypprtensjves have a form of curable hjpe tension., In
.:addition to requlred cardiac radiology, blood studies inclusive of
serum elentrolytes, el ectrocardiographlc and/or vegtorcardnovraph;n

studies, a careful cardiac ausculation is in order. Dr. Harvey has

demonstrateq the value of detecting an atrial gailop which is nore

- R roduced from %
: b:r:t ava||ab|e ~copY 4 117




likely to be a counstant finding w2th persistont elevation of blood
pressure, It is too late to wait until o lei't venuricalar straia
pattern appears on the electrocardiogram to trual hypertension.

Other studies recommended are at least & twe hour period of automatic
blood presgsure recording with the Jiamiinee in ¢ galel anrensd rown
retinal photoiraphy, rensl Danclic., Funogtid, Lotensenous pyelosraphy
exclusion of coarctation of the woile, vheownruvmOeyt e, pLlamey
aldosternoism. 1In the consideration of renovescular hypertension,
renal arteries should be visualized and Jr. Jrcilmax;: rensl areercy
plasma biocassay miy be in order. Such a study will indicate whether
treatment is indicated. I stress ihe importance oi’ using the ophthal-

moscope and taking retinal photcgrapns 10¢ ooth diagnosis and pregress.

I feel that a sustained diastolic npress.re of 1% wmn i or mere with
abnormal eye ground findings warrsnts treatment. With a —»ild elevation
of diastolic pressure, an adequate response way be ouvtalnea witva weight
loss, sodium restriction and a supervised exerclis: uwr.grar.. I the
examinee can get a.dog, walking it severzl limws a day will be helpful
to both. The use of a diuretic as uwie .ole Jang snoutld be saved tor
those who do not have enough intelligence or are tco iazy W iske &

low sodium diet. Dr. Fries has pointed out tne valuz of the sncuse
taking the blood pressure in the home so that tne physicien can evaluate
prescribed therapy. All antihypertensive drugs are potentiully daugerous
If a drug cocktail is deemed necessary, I pretzr Lo btepin with a combi-
nation of chlo;thiazide and alpha-methyl dope. After adegquate titration,

other drugs may be added or substituted.

-
b
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Hypertensive h»é_arﬁ dlsease and ischenic hea.r‘t diseape sru hoth shoun

, in this paper.  Both have different pathophysioiogic SIVIRRSes sl
wvhien combined may sct; dyuergestically. I, Townsend nas éovered

most adequatwlv the bizchemical lipic altsaretiors thi ~ré Iovud In
1schenic heast dis&aac‘ 0, Praderisksorn in Lis first SERErS reauirad
8 14 hour fast fdr'study of blood lipids. T havs Touna recnle who have
an elevated f,erum cholesterol at un 8 hour PosnTencial ~oriod le.a, 280

but showed s level of 210 mg at the eng of 12 mowrs, I rerscrally will

not draw hlo oi to examine the lipids unless the oy

hour fast. .

TN

Tn bumma*y, I am. ao+ setisfied with the handling cf tho Tenertad 10 e
LE; million casesbbf heart disease in oyur Populstion at the mirinpgm
uoﬁe inuividual physjc lans do s splanijd Job in this aras, buL 11 seems
+hat the only method to reach all those in potentisl danger iy whivugh

. the,publlc health approach. Dr. Vill&*nna's repori seeﬁs O Le a beacon

in the right direction.

(3]
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Leboratory Aspects 0f Blood Lipids

¥rank M, Townsend, M.D.

The term lipid embraces a wide variety of compounds thut are grouped together by
virtue of similar sclubility properties in tne so-called "fat sclvents' which include
ether, chloroform, benzeane, caroon tetrachloride, ete. Tney are a heterogeneous group
vhich includes the stercls, vitamin A, E and K, blle pigments, waxes, carotvenoid and
relate% dietary pigments, as well as the triglycerides, phosphatides, and free fatty
acids (1).

Only some of the above conglomerate of vompounds are commonly referred to in
clinical medicine. These are the triglycerides, cholesterol, a member of the steroid
group, and the lipoproteins and chylomicrons.

Cholesterol is one of the most mysterious substances found in the tissues of
animels. It is present in all cells and apparently has some function in the main-
taining of the structure and permesbility of the cells {2). Cholesterol is an alcohol
and is capable of forming esters wiin falty acids. These cholesterol esters are found
in the plasma, constituting two-thirds of the cholesterol there. They are formed
chiefly. in the liver.

The structure of cholesterol is compiex. IHowever, the hiosynthesis can be accom-
plished with very simple precursors. heetate radicals, chiefly in the form of Acetyl-
coenzyme A are all the body requires as starting maverial. Cousequently, many amino
acids, carbohydrates, and fatty acids when supplied in excess of other metabolic needs
can contribute to the cholesterol pool. The liver is the main site of synthesis, but
the skin, adrenals, gonads, intestines and even the aorta can carry out the biosynthe-
sis (1). It is estimated that the liver can produce 1.5 grems per day and the other
tissues 0.5 grams. '

As stated by Dryer (1) the total cholesterol produced from acetate or other sources
is almost two or three times the amount consumed ir the typical American diet. "Attempts
to lower serum cholesterol by reducing the dietary cholesterol have not, in the long run,
been successful unless the total caloric intake was reduced at the same time period.

This is presumaply & result of increased biosynthesis from an excessive energy intake.
It is possible to lower the serum cholesterol by diets low in preforsed cholesterol if
the amount of fat and simple sugars {hexoses snd dissccharides) is also curtailed.
Oriental peoples, whose diets meet these standards, typically shcw cholesterol levels
some 100 to 150 mg./l00 ml. less than their american counterparts. If the Orientals
switch to & typical Western diet, the ilevel of cholesterol in tneir serum rises to
typical American levels."

There is unquestionably a statistically significant relationship hetween high serum
cholesterol levels and the incidence of coronary disease. "hus it would appear desirabdble
to meintain low or at least normal levels of cholesterol in the serum. At one time, diets
high in polyunsaturated fatty acids were very popular, since it se¢smed that these substances
tended to lower the serum cholestercl level. However, this idea hac been attacked on the
basis that the level was lowered by driving the cholesterol from “he serum into the solid
tissues, including the vascular system. Therefore, this procedure may nct be without
narmful results. It would probably be siupler to restrict caloric intake or burn excess
calories by more vigorous physicel exercise or work (1).
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. t‘ The .;Li\:er appears to be the principal site of cholesterol esterfication. In the
bast great store was.set on the relationship between the two forms, but in recent years

this has not been the case since the relatio
YRds : : ‘ nship of cholesterol to cholesterol esters
is_substantially unchanged, except in severe liver disesase. '

Triglycerides (neutral fats) are esters of fatty acids. They can be readily hydro-

‘_;y;:d by strong alkalis or acids. The lipases of the serum, pancreatic juice and intesti
- ‘tair ..oly_ze triglycerides; Under normal conditions this hydrolysis results in the produc-
tion of one or more free fatty acids and mono and diglycerides.

" Triglycerides are formed from ingested 1ipids in the intestinal mucosal nells and

enter the.portal blood and are transported to the liver, Here they become incorporated

into the lipoproteins (see below) and are transported to the adipose tissue for storage.
t: need_ed in respense to & low blood sugar or as a result of epinephrine stimulation
e adipose fat is released from the adipose tissue as non esterfied fatty acids (NEFA

.or free fatty acids FFA). combined with slbumin, Some of this is used for energy and

some goes to the liver where it may be reformed into triglycerides. It is thus appareat

~that the triglycerides are intinately &ssociated with the body lipoproteins.

GUT - Pair_icreaﬁc " :
‘ ipose THORACIC T
AT il

~ 39 PANCREAS

DucT,

BLOO

v E}nla acids

INTESTINAL
UCOSAL CELL

_Chylomicrons |7

...................................

. 5233‘,’5;5&% Tissues for energy

’Relem of NEFA is a response 1o low blood suger or
epinephrine stimulation.

. Factors involved in llp‘l’tll trans x in i'l:: .b‘;';dy. T’he liv:r h‘ccntnl iﬁ élg:mt:o:’::
lipiderich lipoprotelns, which s o ¢ tissuo for storage. are rele
nrnudcdtgogmhhumhhlewonagyg' .mwpﬁmmmpwumthuhorpﬁon
| oSS pigure 1, , - .
. Tietg,N.W.,Fundementsls of Clin, Chem.,WsB. Saunders,Philadelphia’
' ' ' 1970
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_ Virtually all of the plasma l1ipids exist in the form of complexes in combination
‘ with specific proteins, as is the case of the NEFA noted above. These are called lipo-
K ﬁrbteins. They represent a mechsnism by which lipids are kept in aqueous solution in
- the plasma and can be transferred across cell membranes. They are large molecules con-
- ¢aining along with the proteins phospholipids (glycerophosphatides), cholesterol, choles-
" terol esters, triglycerides and even small amounts of NEFA.

How such large molecules as the lipcproteins {some with a molecular weight of several
million) can be soluble in water can best be explained by tae existence of the hydrophilie
" portions of the molecules such as the proteins and phuspholipids, being on the outside in
contact with the water in the plasma, while the hydrophobic triglycerides, cholesterol, and
cholesterol esters are on the inside, sheltered from contact witn water molecules in the
plasma.

The lipoproteins can be separated into smaller groups by electrophoresis or ultracen=-
trifugation. The latter produces more significant results, but the technique is limited
by its expense. The electrophoretic method is now in wide use in clinical laboratories.

The ultracentrifuge technique involves the mixing of an aliquot of serum sample with
salt solutions of such density as to cause flotation of low density lipeproteins in an
gltracentrifigal field. This mixture is centrifuged at high speed tor at least 15 hours.
The top layer is then removed and subjected to analytical ultracentrifugation for 30 minutes.
During this interval six photographic exposures are made. Analysis of the film and appro-
priate calculations yield the concentration of the lipoprotein rfraction.

Lipoproteins are classified as being low density it they show s.otation in a salt
solution of density 1.063. Those that float in salt solution with densities between
1.063 and 1.210 are called high densitylipoproteins (HDL).

The low density fraction (LDF) is further subdivided on their ‘lotation rate in
Svedberg flotation units (sf). The subgroup 0-12 is the heaviest cf the low density
fraction and is found in the plasma of all people. Another group, 5t 12-20, was found
by Gofman in increesed concentration in persons susceptible to atherosclerosis ana myo-
cardial infarction. More recently the Sf 12-20 has been included in a broader group called
Sf 12-400. This broad group represents basic low density lipoprotsins in which variable
amounts of triglycerides have becone attached.

The following table from Hoffman (2) gives data on these groups. At one extreme is
albumin which carries most of the free fatty acids (NEFA) in the piasua (1 percent lipid,

99 percent protein) and at the other extreme chyicmicrons {99 percent 1ipid, chiefly tri-
glyceride and 1 percent protein).

' ~ PercenTAGE COMPOSITION OF LiPOPROTLINS
1N NoaMaL POSTABSORPTIVE PLASMA

J g 3 & &
J2 g? = 4

§ §2 ES ¢ g B, & §
g 0= B p g3 25 % 0§ <
g s 22 38 £ 8505 ¢ & K
Chylomicrons 0-10 a : I 1 3 g8 8 -

- Law-density (LDF)
D <1.000 400 W g T 7 W ow o821
D 1.006~i.019 12-20 0 B 11 0o 29 23 2% |}
D 1.019-1.063 0-12 - 280 B 21 9 7 22 10 i
" High-density (HDL) -. Co i

o D 1.063-1.12§ v 40 .a 3 6. 2t 2 11 -
D 1.125-1.2t 40 a 57 4 11 20 6 2
Albumin-FFA 400 — 9 . 1

. Hoffman,W.S.,The Biochemistry of Clinical Medicins,
R Year Book Pub, Chicago, 1970 - Figure 2.
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The low density fractions (LDF) have a mobility of beta globulins on electrophoresis

and are called bcta lipoproteins.

alpha globulins and are called alpha lipoproteins.

The high density lipoproteins migrate further with: the

Of the ‘betn'lipoprotcina, the Sf 0-12 is normally the largest fraction and conteins

the largest part of the total cholesterol.
total 216 mg./100 ml. is accounted for by th

, In 1965 Fredriekson. and Levy (3) introduced a system of partial phenotypias of f:
1lial hyperlipoproteinemia because knowledge of .abnormsl plasma concentrations of choleas
terol and triglycerides was often considered inadequate for apecific diagno
tem was btased on five major lipoprotein patterns as defined by paper cle
I the past six years they have studied more than 2
develcped highly specific and a
five types.

1] )

S

ciro

500 hyperlipenic patients,
pparently effective diet and drug regimens for each of %.&
A summary of this work and the current concept of treatment of cach type i3
presented in the following table:

v

From the table it is seen that 129 mg. of the
e $f 0-12 fraction or 60%.

-

M
is. The
phoresis.
They have

svs-

Normal |
Ofigi |- m | chylo !
sh ; o
preg =l pred i

.«

-

\\

ocatan

i

: B
pre

Eg

~

1
1

Features Typs | Type Ui Typo il Type IV Type v
lnci_dcn;:e © | Very rare Common . Relatively uncommon =~ | Comman !Uncommon
Apparance Cream layer over clear | Clear ' | Clear, cloudy or milky . | Slightly turbid to cloudy, | Cream layer over turiid
of plasma infranate on standing ' : . ~+* lunchanged with standing | infranate on stacding |
. o ) I
Cliolesterol Normat or elevated Elevated Elevated Normal or elevated Elevated . i
S » . ' ,. ) L . E
.1 Triglyceride Markedly elevated " {Normal Usually elevated Elevated Elevated to marcedly = |
' . , ' ’ ’ elevaied -
! Clinical - Lipcmia cetinalis, Xanthclasma, tendon and | Xanthoma planum; Accelerated coronary Lipemia retinalis, ) l
l presentation  -{ cruptive xanthomas, tuberous xanthomas, eruptive, tuberous aad vesoel discase, abnormal | erustiva v 25,335, |
i hepatosplenomegaly, Jjuvenile corneal arcus, | tendon xanthomas; . ¢ | glucosa tolerance, nepstespieremagaly, |
. abdominal pain accelerated accelerated hyperuricemia abdominal sain, |
] i atherosclerosis atherosclerosisofccronary : hyperpiyeamia, :
: and peripheral vessals hyperuricemia
O ; Origin; possible | Genetic recessive; When genetic, dominant, | When genetle, recessive; | Whea genetic, dominant, | Probably genctic sporasis
.- mechanlsm’ deficiency in lipoproteln | sporadic; decreased . | sporadic? sporadic; excessiva .
I - |lipase . catabolism of - . | etidogenous giyceride -
beta-lipoprotein synthasis or deficient
_ ' glyceride clearance? i
Age of detection | Early childhood Early childhood (in - *.° | Aduithood {over a,ﬁa 2, | Aduithcod. | Easly aduitinies i
. : severe cases)
cd-»dhions to be | Dysgammaglobulinemls, { Dictary cholesterol Myxedema, Diubetes, glycogen i Ngeieita ond
excluded diabetes, pancreatitls? | excess, porphyria, dysgammaglobulinemla | storage disease, nophrotic| nacroyicbutinamis,
oo . * | myxedema, mysloma, | B :.. 1syndrorae, pregrancy, lr‘:sui‘n-:a:;;c i« t
" "I nephrosis, obstructive R Wemer's syndroms dishoics maliitus,
fliverdisease =~ | CLE nepnrosis, aleohiciism,
- e s o o Figr 3 (Ref 5) fancreatitis 323
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Type

fomasmocman w-—-

e pme e oo s

;i 2. Supplementation with medium chaln-length mw«s

1. Low-cholestarel diet (less than 300 mg per day)
: 2, Inereased intake gt’ polyunsaturated fals

P e

- et ® e ot

Therapy of Hyperlipoprotelnerriia

.,

pict” Drug of Choice
1 1. Restrictien @1 fat to about 28 gm per doy None cffective
at present

-1 1. Reduction to ideal body weight
! 2, Balanced diet (40 percent of calories fat, 40 percent wbohydmc)
3, Low-eholesters! diet (less than 300 mg per day) e .

1. Reduction to ideal bedy weight
2. increased intake of polyunsaturated fats
3. Modest rastriction of carbshydrates

1. Raduction te iesl bedy welght

2, Increaged Intake of proteln

3, Reductlon of fat to lesstmnwam per day
4 Restfietlm of earbohydretas

P

when powblo

1. Cholestyramine,

16 to 32 gm per day
2. D-Tiyroxine :
3. Nicotinic acid .

1. Clofiorate,

2 gm per day
2. D-Thyroxine
3, Nicatinic acid

1. Ciofibrate,
2 gm per day
2, Nicotinic acid,
3 to 6 gm per day

- 1. Nicotinic acid,

3 ta 6 gm per day
2. Clofibrate *
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Another approach to the ﬂqiasai'fiution of the hyperlipemias is presented in rigure k:

~

(After Kahlke, W.: Otsch. Med. Wscht., 91:26, 1966.)

*Normal Range 30-135 mg/di (12 hour fasting)

Essential Hypertriglyceridemia Familial Hyperchoiesterolemia
lablnducpd carbohydrate- calori¢ without with
. form .lnduced form {fat and carbohydrets sccompanying accompanvying
S : induced form : triglyceridemia triglyceridemia
Typ;l Typs IV Typs V (Typs i) {Type i it}
Serurn opalascent clear or opalescant clear clear or
. turbid * turbid turbid turbid
Chalestarol slightly _normal or wightly elevated elovated elevated
' elevated slightly elevated
*Triglycerides significantly elevated aevated normal elevated
elevated
B—Libbprogeins normal normal - normal increased increazed
-2 l_.ipbproteins - normel increased Increased normal increased
{pre—f-tipoproteins) ’
— : RIGSST 1004 Kpprox., 504
Glucose tolarance normal abnormel .| sbnormat normal abnormai
Figure &,
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A comperison of the patterns on paper electrophoresis, the ultrecentrifuge and
agarose immuno-electrophoresis is shown in figure 5:

PAPER ELECTROPHORESIS

["- LN

i iod CNYLOMICRONS [ ----- beoenn ! .....
8
PRE. . ﬁ !
| e
Fe S SN « S VO

S¢
ULTAA CENTRIFUGE

TR

-~

—eme .- -0
b4
-~

oMM
h X ro— |
| | AR I
[} 1 Eorb
. 1 AN I
! | : vy
) | Ve 5 '
AGAROSE i : &
IMMUNO-ELECTROPHORESIS ! : b \
l Lo
) v
-
NATIVE DELIPIDATED NATIVE OELIPIDATED  nNAV. DEL.  NAIL. OEL.

Schematic Representation of tha Major Portions of tie Lipoprotein Speeinum as Defned by Puper Eleciropiioresis, the
Ultracentrifuge end by Inmunoelectrophoresis Using Antiserons Rencling with Both o ond B Lipcjneteins.,
Fipure 5.

FPGdFiCkSOKL,DoS»O L@Wp ‘Roxe & LGBS,RoSo. N.E. Jour. Méd.276=3“,1967.

Roberts et al (4) reviewed the five types of hyperlipoproteinemia from the standpoint
of the morbid anatomy. Atherosclerosis of the coronary arteries and sorta is definitely
accelerated and extensive in patients with type 2, 3 and L and possibly type 5. The peri-
pheral arteries may be excessively atheromatous in type 3 also. The plaques of tne coro-
rary arteries of types 2 and 4 contain calcific deposits, pultaceous material and choles-
terol clefts. In type 3 the plaques may consist predominantly of foam cells without cal-~
cific deposits or cholesterol clefts. Therapy in patients with types 2 and L has not
proved nearly as effective as that for the patients with type 3 where the response may be
drematic (5). It is reasoned that plaques formed mainly of foam cells as seen jn type 3
would be expected to disappear on good therapy, whereas those piaques containing caleium
and cholesterol clefts as seen in types 2 and I would not b= expected to be reversible lesions.

LS

126



Hepatomegaly ard splenomegaly may occur in any patient with hypertriglyceremis and
therefore, may occur in typss 1, 3, 4 or 5. Foam cells may also occur in the hone marrow
and lyuph 'ncdes of any patlent with hypertriglyceremia. There ‘s nothing distinctive or
characteristic of the tissue foam cells occurring in patients with hypertrig’ycprem*a.
liepatic, splenic and marrow foam cells observed in many other conditions, including
Nlemann-Picx disease, Wolman's disease, gereralized gangliosidosis and congenital amau-

otic idiocy are similar to those scen in Lypertriglyceremie. The number cf foem cells
seen in the liver, spleen, lymph nodes, and bone marrow with hyperproteinemia provably
correlates with the degree of hypertriglyceridemia, although not enough anatomic data
is presently available to be certain.

From the foregoing, 1t seens apparent that each pavient suspected of hyperlipemia
should have a serum cholesterol and triglyceride determjuation. If either or both of
these are elevated, a lipoprotein electrophoresis is in order to determine the possible
phenotype. As can be seen rrom tne electrophorsetic patteras, the presence of exceusive

. chylomicrons can be determined in this fashion.

Both cholesterol and triglyceride decerminations should ve done only in a laoora-
tory equipped and staffed to perform sccurate tests. Therrs are scores of procedures
for cholesterol determinations and in general there is fairly good compariscn of re-
sults from one laboratory to another. The determinations of triglycerides is nat as
frequently &ccomplished as cholesterol in all laboratories. Triglycerides are often
determined by measuring glycerol after its liberation from fatty acids by saponifica-
‘tion (6). Since glycerol is also a structural unit of phospholipids that wculd inter-
fere with the determination of triglycerides the vhospholipids must be remcved tefcre
triglycerides can be analyzed. This separation is made by means of absorption crrowa-
tography commonly using silicic acid or zeclite. Arother gzod procedure is to separate
the triglycerides by chromatogrephy. Still another goc’ method is based on determination
of fatty acids liberated by hydrolysis of triglycerilss eitner by direct titiatior itk
tlkali or by photometry of the colored fatty acid hydroximate-ferric iron complex tnsat
‘way be chemically produced. The latter procedure usually involves a series cf approxi-
mations that might better be avoided.

The separation of triglyceridea by thin layer chromatography (TIC) or column chroma-
tography are used in some lsboratories. The comnon method in use is to remove the phos-
-pholipids by extracting with zeolite and eliminste glucose with copper-lime treatment
_and saponification of the glycerol and oxidation to tormaldehyde and measurement by flucr-
escence at 405 mu. This procedure can be autcnated to accomplish 20 determinations
en hour using auto analyzer equipment (7). Dade, Harleco, Boehringer-Mannheim and Wood
Scientific offer kits for triglyceride determinations. (See table I) -
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Cne ml, of serum is usually sufficient. It should be fresh and from a patient fasting
preferably for 15 hours. If it 1is to be shipped some laboratories prefer freezing the
simple, but others do not consider this necessary if the shipping time of the fresh speci-
1:m is not too prolonged. If the blood is collected in vacutainers the use of gly-erol

' ree vecutainers is recommended. Special vacutainers are prepared by the Becton-Dickinson
{ompany for this purpose.

' From the foregoing, it should be apparent that triglyceride measurement should uot be
-undertalen without & careful consideration of the problems inherent in this technigus.

Summary

At present it is considered that patients suspected of hyperlipemia should have both
a total cholesterol and triglyceride determination. If either or both of these are ele-
vated, lipoproteirn electrophoresis should be carried out to attempt to calssify the type
of hyperlipemia. Only on the basis of such classification can there be a reasonably
raviocnal approach to treatment. '
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PROGRAMMED MULTIPHASIC HEALTH TESTINGY
Philip I. Hershberq, M.D.

Lepartment of Physiology, Harvard School of ™ublic Health

and the Lahey Clinic Foundation, Boston, Massachusetts

Wilson and Junger in their book on "Principals and Practice of Screening

for Uisease" divide prevention of disease intc two Shases. The Tirsk of thess
is the abolisiment of disease and the second is the earlv detection of disease
bProcesses (1). It is believed possible to abolish diseasa by protecting the
individual and even whole populations from attack even hefore the challenge
nas baen made., Wniioe this goai may apply to acute illness such as most infec-
tious i'sease, it certainly does not, on a liong~term or permanent basis, apply
t: chrenic iilnesses such as coronary heart disease or to vhe neoplastic dis-
eLses, It therefore_becomes important to discover various medical conditicns
'as"garly in their ccurse as possible and to retard or "cure" them. .
However, the fact that we cannot abolish disezase does not prevent covernmentf
pclicy freom 1mplylng that we can indeed do so. For exanple, the repcrt of /h
the National Program to Conquer Heart Disease, Cancer and Stroke puklished in
1964 . {2), contains the statement by President Johnson in charging the DeBakey
Commission: "Unless we do better, two thirds of all Americans now living will
.suffer or die from cancer, heart disease, or stroke. I expect you to do some-
thing about it." It is perhaps unfortunate that 100% of us will eventually
‘develcp some diczease frowm which we will die and even presidential edicts cannot

change this 51mple fact of life. 1In order to postpone death, at least among

- relatlvely younger individuals, it is therefore believed apprcpriate to uncover

the dlsease state as early as possible; therefore, ecar ly detection becomes im-~
portant.
With regard to early detection, consideration is almost immedjatelv directed

. toward the area of preventive medicine as distinct from therapeutlc or curative

med1c1ne, and most physicians unfortunately have thls very precise division

- of medlcal practlce clearly in mind. In the case of any patient who is well

at a given p01nt in time, we are practicing preventive medicuine. For example,
a particular patient is well until he suddenly sustains his acute mvocardial

infarction or experiences his stroke or until his cancer was detected. At this

point, the physician's approach changes from preventive tc therapeutic in orientaticn.

*This work was supported by research grant NGR 22-007~203 from the Division
of Occupational Medicine and Environmental Health, NASA.
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Figure 1. Transition from Preventive to Therapeutic Medicine.

This situation is illustrated by the schematic diagram of Figure 1 which
shows the transition from Preventive to therapeutic medicine occurring as
a step function at a given point in time. Certainly, one cannot argue against
the existence of such a step function in considering an acute infectious process
such as a pulmonary or urinary tract infection; however, in the case of chronic
or degenerative disease, there is, in fact, neo step function and the curve
looks more like the dashed line with the time course being years or even decadces
rather than hours or days.

Using coronary heart disease as an example, this is well demonstrated by
the data of White, Edwards, and Dry (3). 1In this study, 600 hearts were examined
at autopsy and the degree of coronary atherosclerosis was graded on a scale
of 1, representing minimal sclerosis, to 4, implying complete occlusion. Maximal
atherosclerosis occurred in individuals approximately 55 years of age, even
though most siénificant coronary episodes occur somewhat beyond this age. Coronary
atherosclerosis is seen to develop, at least from these results, during the
ages of 35 to 55. 1In interpreting such data, however, it is necessary to realize
that the heartsAincluded in the study were taken from different individuals,
and that the investigation was not longitudinal in nature. The implications
are nevertheless valid, and the Progressive nature of degenerative cardiovascular

disease haslbeen clearly demonstrated.
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Figure 2. Levels of Treatment of Coronary Heart Disease
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The pryzician is tﬁen faced with a dilemme as regards his basic approach
toward the treatment of coronary henrt digease. In order to consider this pre-
blem, hypothetical "therapeutic levela" as regards coronary heart diseaae have
been illustrated schematically in Figure 2, which is, of course, a vast over-
simplication of complex, almost individualistic, disease patterns whicn present
themselves in different patients. With this limitation in mind, it is possible

o discuss alitervate REpLCAChiEs to btrcatusni. 'J
In the case of 42% of all deaths from coronarxy heart disease, this diagnosis
cannot presently be made during the life of the patient (4). Stage 5 of Tigure
< %5 (death) is, therefore, not an unusual level for the physician tc first diagnose
cardiovascu]ar dise~2s8a2. The onset n€ mvosardial infarcticn.(Stage 4) is like
wiee net z satiefactory moment for initial diagnezis. Although the mortalitv
from myocardial infarction is only about 40% (5), half. of all sur§4vcrs ava
likely to be dead within eight years follewing recovery from their initial
'attack (Slnger, R.B., urpublished data). Stage 3 (anglna pectoris). is. cnce
.agaxn, an inaoproprlate level at which to initiate adequate medical *reatment;
sinca ahout 50% of anglna patients will be dead within 5 to 7 years after this
diagnosis is first establiched (6-7). Even the quastionable or ischemic cle.~
tro- cardlogram (stage 2) is associated with an abhreviated life expectancy balehd
exampla, the 1qchemic rpost-exercise electrocardlogram carries with it a mortulity

several times greater than expected (8).

COSTS OF SCREENING TESTS

. With the example of Figure 2 in mind, it therefere beeOmes useful to con-
sider the desirability of detecting disease at an earlier stage than would nor-
mally be encountered using the vehicles provided by eonventional medical prac-
tice. Neglecting for the moment all benefits of a.ﬁqcial rature which misht
be derived from the early detection of disease pfocesses, one can consider only
the economic benefits which could result from health screening. The economic
goal of early detection is. hopefully less morbidity, less hospltalxzatlon, less
expense in carlng for seriously ill patients and lezs absence from 1ncome-producing
.employment. -So that there may be less expense involved in the care of ill people
if one detects disease at an early stayge.

Contrasted with these cost savings are the costs of screening procedures

themselves. We should also realize that uncovering cases can result in costs
of long-term management which must'be contrasted with costs of treating acute

illness. vncovering a case of diabetes mellitus, for example, can result in
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a requirement for twenty, thirty, or more years of constant and often fairly
intensive medical management. We must also compare costs and value, here con-
sidering the rationale of screening for diseases which might be quite prevalent
in the population. As an example, virtually the entire population of Ethopia
suffers from tuberculosis, rendering screening for this disease entirely
impractical and of essentially no value.

As we know, however, costs of health screening can be reduced through
the use of technicians. in lieu of highly trained personnel, such as physicians
and nurses and thru the application of automated techniques. BAs an example
of the need for improved automation in health screening methodology, consider
for a moment the Problems encountered in taking an electrocardiogram fourty
or fifty years ago. 1In order to have his cardiogram taken, the patient would
first roll up his trousers and shirt sleeves. His extremities would then be
immersed in salt water solution, into which were also placed electrical conduc-
"tive leads. These wires would then be directed to a primitive electrical ampli-
fier circuit. A technician would stand atthe instrument and turn various
dials for from five to ten minutes or until he was able to find a connection
which resulted in minimal electrical noise. While the patient remained essen-
tially motionless, a small strip of electrocardiograph record was recorded.
This same process was then repeated for all of the different lead configurations.
Think for a moment how impractical screening electrocardiography would be if
such complex and exacting adjustments were required in modern cardiologic prac-

tice.

THE VALIDITY OF HEALTH SCREENING PROCEDURES

During the past twenty years, various criteria have evolved for purposes
of evaluating health screening procedures. In addition to possible benefits
derived fraom the procedure, another criteria has been the validity of the par-
ticular test in terms of its capacity to correctly detect disease processes,
Validity really implies the ability of the procedure to separate those patients
who have the particular condition from those who do not, thereby correctly
identifying both positives and negatives. The ability of a test is to classify
as positive those persons with the disease is called sensitivity and as negatives
those persons without the disease is called specificity. The following general
equations can be used to determine validity (9):
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Diseased Persons with a Positive Test
All Persons in the Population with the Disease

-

. SPECIFICITY =  Non~Diseased Persons with a Ne ative Test
"~ All Persons in the Population without the Disease

SENSITIVITY =

In designing a particular screening test, a primary concern is the attain-
ment of high values of both sensitivity and specificity. 1In reality, one is
actually forced into some form of compromise in that a screening "threshold"

which is low enough to pick up virtually all true positives will, at the same

time, result in the indication of a relatively large percentage of false positives
as well. It is therefore-heceesary to set arbitrary limits for allowable false

negative determinations so that the test is sultable for purposes of routine
‘screening for disease.

‘ Depending upon the screening procedure, sensitivities can range from 40%

" (or less) to perhaps 99% with specificities which must certainly exceed 70-75%
'1n order to make the test practical on a large-scale basis. One usually attempts
in most cases to set limits such that the specificity is at least 90% so as

to render the test truely useful.

Over the past twenty years, principles of validity testing have been applied
to various chemicalllaboratory tests, electrocardiography, radiographic inter-
pretation, cervical cytolegy, pulmonary function monitoring and certain other
health screening tests.

In addition te‘sensitivity (Se) it is possible to define the term non-
specificity (Ng) as being:

Non-Diseased Persons with a Positive Test
All Persons in the Population without the Disease

Ng =
~and the incidence (Iy) as:

Te = Persons with the Disease
X ~ All Persons Tested

.'On this basis, Sunaerman (10) has performed the following calculations:

* INCIDENCE OF nyn o - 'PROBABILITY OF "X" DISEASE

DISEASE, Iy . - WHEN Ty IS POSITIVE, 'P(X/Ty)
X S N s(1-Ix) + s Iy
208 ' ' . 0.83

2% 0.29
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In other words, the probability of having a disease when the screening test
is positive is very definitely related to the incidence of that disease.
This concept can be extended in that it is also possible to calculate the per-
centage of healthy subjects who yould have 0, 1, 2, ....5 abnormal test results
in multi-test health screening profiles, assuming 95% tolerence limits. In
this casge, the probability that a healthy subject will have at least one abnor-
mal result is dependent upon the number of different independent tests, y, such
that P = 1 - (.95)y. A table of results as provided by Sunderman (10) 1is
indicated in Figure 3.
From Figure 3 it is evident that a perfectly healthy individual subjected
to a twelve test screening profile would stand about a 50% chance of having
no abnormal results, a 34% chance of having one abnormal result and a 12% chance
of having two or more abnormal results. Using the 22 channel analyzer soon
to be available from Dow Corning, the healthy subject would stand greater than
.a two in three chance of having at least two abnormal test results. In considering
these data, it would appear that we must also consider the statistical problem which

lies in the difficulty in separating normal from abnormal values.

SEPARATION OF NORMAL FROM ABNORMAL VALUES

It has been mentioned previously, with regard to validity testing, that it
is rarely possible to separate any population into those who are clearly Ywell"
and those who are "sick". As a result, one is, in many cases, dealing with
test values which lies somewhere between those which are normal and those which
are abnormal -- in the so-called "gray", or borderline, area. One is therefore
faced with the difficult problem of distinguishing one patient who has the disease
from another who does not.

Individuals having "normal® values can, in most cases, be separated from
those who have high abnormal values. So-called "borderline cases" lie imtermediate
between the two. We can say that the borderline problem creates significant
difficulty for the physician in his approach to patient management. The physician
does not feel ~- and logically so -- that these patients should be treated as
if they were diseased. Neither does he feel comfortable in dismissing them
as normals. The result is that he often finds himself performing repeated,
time-consuming, and frequently costly additional tests -- all too often resulting
in exactly the same finding; namely, that the patient's tests label him as being

borderline -- neither "well" nor diseased.
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Eigﬁre 3

PERCEN’I‘AGES OF HEALTHY SUBJECTS WITH 0,1,2,...5
» ABNORMAL RESULTS IN MULTI-TEST PROFILES '
(Normal Limits = 95th Percentiles)

No. of Tests
in Each Profile

'No. of Abnormal Results in Each Profile

0 1 2 3 4 )

5 77.4 20,4 2.1 0.1
6 . .73.5 23.2 3.0 0.2
7 69.8 25.7 4.1 0.4
8 66.3 27.9 5.1 0.5
63.0 29.9 6.3 0.8
_10 59.9  31.5 7.5 1.0 0.1 —
11 56.8 32.9 8.7 1.4 0.1
12 54.0 34.1 9.9 1.7 0.2
13 51.3 351 11.1 2.1 0.3
14 48.8  35.9 12.3 2.6 0.4
15 4.3 36.6__13.5 3.1 0.5 0.1 _
16 44.0 37.1 14.6 3.6 0.6 0.1
17 41.8 37.4 15.8 4.1 0.8 0.1
18 39.7 37.6 16.8 4.7 0.9 0.1 .
19 37.7 377 17.9 5.3 ‘1.1 0.2 .
20 35.8 _37.7 18.9 6.0 1.3 0.2 _
21" 34.1 37.6 19.8 6.6 1.6 0.3
22 32.4 37.5 20.7 7.3 1.8 0.3

~ *DOW CORNING ANALYZER
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With regard to the chronic diseases, it ijs believed that one is on relat ive-
: 1§ saféfg?ounds in postponihg decision on borderline values. For example,
in diéb§tes ﬁesting, it has been demonstrated that the inter-clinic variation

" in pProviding a positive diagnosis of diabetes mellitus can range from a low

| of‘abéut 1% to a high of over 4% of the patient population (11). In this case,
.the diagnosis of diabetés would depend not upon the absolute glucose value and
not upon the particular physician Performing the evaluation, but rather upon
fairly,arbitrary diagnostic criteria. For example, an individual having a
post-prandial blood sugar between 109 and 127 mg. percent has approximately
'eqﬁal likelihood of being labeled as diabetic and non-diabetic (11). This
should not imply that the physician withhold advice of a strictly preventive
vnature, such as the control of obesity or the recommendation of a proper diet,
in any patient having a borderline glucose determination. This same statement
should apply to sound preventive medicine in the face of other borderline
determinations as well. ,

In reviewing the results of automated multiphasic health testing procedures
conducted on basically healthy populations, the physician must keep these matters
clearly in mind. As we have seen, some abnormal results are actually only
variants of normal, while other abnormal values signal potertial dangerous dis-
ease and are of key importance in initiating suitable therapeutic action if
one is to have any hope of.promoting "cure." But how is the physician to sort
out the "wheat from the chaff>?" In considering this problem the most important
factor would appear to be the cost of positive tests from health screening pro-
cedures.

In one approach to this problem, Collen et al have calculated the cost to
identify a clinically important test result in an automated multiphasic screening
program (12). When over fourty thousand mulfiphasic examinations were analyzed,
the most costly procedure was found to be the detection of breast cancer, listed
as being $408 per positive mammogram, even when limited to women over the age
of 47, Tﬁe least expensive was hearing impairment ($1.55 per positive audiogran).
All other tests ranged between these extremes, usually varying with age and
sex of the examinee. These costs were critically related to a multiphasic labora-
tory load of 500 patients per week. The results showed how the prevalence of
an abnormal test depended upon the specific population examined, especially as

-related to its age-sex composition.
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_Although the above study was very thorough to the extent that it was con-
“ducted, a number of factors were not satisfactorily considered hn the investiga-
'tipn. These factors were the following:

‘ l).Although mentioned by the authors, it was not sufficiently emphasized
that a doubling of cost per test would result from a halving of volume.
Since most health screeing facilities would operate at less than half
the quoted volume, this would at least duuble the cost.

2) The costs do not reflect reseérch, development and equipment expenses,

' all of which were largely provided under government grants.

3) Many of those patients noted to have positive test results already knew
of their disease; i.e. poor hearing, vision tests, etc.

4) The costs do not reflect the expense per trﬁe positive, but only per
positive test. In their paper, Collen et al {i2) note that the
cost per true positive test for breast cancer was actually about $2,000,
not $408, because only one in every five of these women were subsequently
noted t§ have positive breast biopsies.

5) In the case of false positive tests, significant expense was often re-
quired to rule-out the presence of disease.

6) It was not determined how much additional cost was required to treat
the true'positivé cases at an earlier stage than would have been required
via conbentional medical detection channels. |

7) Most importantly, it is not clear how effective was the clinical result
| of early detectjon; namely, how much healthier was the patient and/or

~how much longer did he live?

: RISK EVALUATION
The matter of actual cost versus benefit of health screening promotes serious
consideration and this is not easily resolved. The problem becomes even more
cqmélex when onevthinks about appropriating funds for conducting periodic multi-
'phasic screening of employees of large industrial groups or governmental agencies.
I think that an indication.of one possible approach to this problem was presented
at this conference last year by Gen. Hoffman, who indicated that occupation
cduld'be added to the criteria of age and sex in considering what tests “o do

. on which employees at what time intszcval (13).
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In considering chronic disease and its detection one concept in heaith
care that has received far too little attention has been the probability of
disease states. In other words, the disease being screened for in a given
individual should in some way be related to the likehood of the disease in
that individual rather than in the population as a whole. For example, there
would be little justification for performing tonometry measurements in young
adults; yet, such a determination in persons over 40 years of age is indicated
as part of comprehensive health care. Similarily, mass screening for congenital
heart disease, while a sound medical practice in school children, cannot be
justified as part of the evaluation of adult patients. One approach to this
probiem has been avocated by Sadusk and Robbins who suggest that the evaluation
of any patient should be dictated by mortality figures for individuals of the
same age and sex (14). In planning any battery of health screening tests, it
is therefore most important to consider likelihood of the diseases being screened
~ for. One problem with such data is that they reflect only mortality figures --
‘not merbidity -~ and one fails to appreciate the overall health implications
of certain diseases such as degenerative arthritis, glaucoma and diabetes mellitus.
Nevertheless, such data do comprise a valuable starting point from which to

diverge toward the designation of specific health screening procedures.

PRESENT STUDY

With the above considerations in mind, it was believed feasible to extend

" the concept of risk factor analysis to the screening of basically-well individuals.

Several years ago, the Lahey Clinic Foundation developed an initial automated
medical histcry.questionnaire for use in the screening of most patients coming
to the clinic‘for medical evaluation. Under the supervision of the author and
-wiéh the advice and cooperation of many physicians on the Lahey Clinic staff,
the original questionnaire was extensively modified over a period of almost
_two years during which the questionnaire was completed by approximately 25,000
,.gatients. The fourth version waé designed for mark-scanning input and includes
'giqggxgess of 500 specific questions. _ '

.. Following automated processing of the completed guestionnaire, a cémputer
printopt is produced. This printout is ingserted into the chart for each new
pétient between two other forms, one of which is utilized for recording informa-
tion xelating to the present illmess -~- if any, and the other for theinsertian
of'findings on physical examination. In addition to open-ended type data, almost
all of the information relates ta the patient's general medical history, family
“-and social history and review of systems.
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n the present study, patient answers to all medical history questions

' provided by between 1 +000 and 2,00Q patients are being correlated with labora-
tory results for 22 different laboratory biochemical determinations. This

. pProject was initiated only thtee months ago. However we would anticipate data
of the form shown in Figure 4, which depecits results of another study and in-
dicates white blood cell count on the second day in a Coronary Care Unit tabulated
as a function of recovery from myocardial infarction. As a result, it may be
possible to suggest to the physician planning health testing profiles exactly
which tests should be conducted on a particular patient and which abnormal
results are, on the basis of the patient's own medical histoxry, likely to be
of clinical importance. Completjon date for the present investigation is
‘scheduled for June 30, 1971 and it is hoped that the results will be available

',for pPresentation at next year 8 m*etlng.
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CONTROL OF NITROGEN DIOXIDE IN STACK EMISSION
BY REACTION WITH AMMONTA

By Allen J. Metzler and Edward F. Stevenson
Lewls Research Center

A unique combustor test facllity was developed for an advanced
combustor research program. This facility utilized an oxidant-rich
hydrazine-nitrogen tetroxide rocket 85 a gas generator to simulste high
enthalpy inlet flow conditions to the combustor (reference 1). Propellént
flow réte was high, 100 pounds per second, and the exhaust was pumped to
the atmosphere through a high stack. The exhaust emissrons contained
sﬁfficient NO, from even 5-second test runs to form large reddish-brown
clouds which dispersed slowly, and potentially could drift and settle over
dearby populous areas., Although the concentration in the drifting cloud
was low, concern over possible hralth hazard to the adjoining communities
required that the nitrogen dioxide level in the exhaust emissions be reduced
essentially to zero and that the gases emitted from the stack be colorless.

Nitrogen dioxide is a brown gas that is intensely colored so that even
low concentrations are readily visible, Furthermore, visibility is increased
as the optical path length is increased. Therefore, in order to render
stack emissions which contain N02 colorless, removal of the oxide must be
essentially complete and must be accomplished within the confines of the
exhaust system.

Prolonged or repeated exposure to low concentrations of nitrogen
dioxide can be a health hazard to healthy individuals and can be a severe

hazard to those with respiratory problems. The degree of the hazard would

“1hh



be dependent upon not only the concentration and time of exposure, but
eleo on the health of the individual exposed to the NOp. Thus, to eliminate
ell possibility of hazard to the surrounding populace, the continuance of
the research program was dependent upon the removal of the NOo from the
' stack gases. - As &an added precaution to protect ageinst accident, no tests
Ji-could be run unleee the wind would carry the exhaust emissions away from
the nearby populated areas.

Chemically) N02 -acts as an ecid and oxidizer which suggests possible

removal by either ecid-base reaction or by combustion reaction processes.

"i_Prior concern with the problem suggested removal by sodium hydroxide

absorption or by coneumption in & fuel-rich netural gas-air burner (reference

P 3) Sodium hwdroxide absorption scrubbing as well as exhaust gas burners

L are impractice.l removal schemes for use with rocket test facility exhaust

5 systems because of the extensive and expeneive reactors which would be

.required to insure the almost complete removal of NO, gas from such a high

7 yolume flow rate system.

An acid-base gae-ghane reaction system which utilized anhydrous ammonis

':i'_aa the reactant to r!move the NOp .was ultimately selected for e gas treat-

”*dment system on the baeie of its effectiveness in removing NOy from rocket

exhaust emissions and hecauee of 1its practicality for use in a high-volume

'3t eyetem. The effectivenesa in removing NOp was demonstrated by only limited

'*if:testinﬁ and was not optimiaed. Bbwever, the NOo level in the exhaust

?fefemiesions vas 80 reduced that the resulting cloud was campletely white.
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Preliminary analyses indicated the importance of reaction time and ammonia
concentration on the removal efficiency of the system and suggested 8

system design to optimize the NOQ-NH3 reaction through extended reaction-

‘contact time and high ammonia concentration and yet emit no visible or

: JZhazardous stack gases.

. The purpose of this publication is to document the development and

Lperfornmnce of & practical system for the removal of NOg gas from research

'5', facil*ty exhaust gases so that this information might serve as timely

- ffguidance to others in the R&D community faced with similar problems. This

ﬂf‘;fwork was conducted at the Lewis Research Center, Cleveland, Ohic.

POLLUTION PROBLEM SOURCE

ff_'Test Installation.--A combustor test facility consisting of a 20K thrust

rocket and a direct-connected combustor was installed in the test chamber

of;anLaltitude system’forfa combustor test program (reference 1).‘ The

est and_an air

_:ejector served as a seventh stage when required. Figure 1 is a nhotograph

.’of a scale model of the dual-chamber test facility to schematically and

eomatrically illustrate the flow system. The grid scale of the figlre is
, 5:equal to lOO-feet per division. | '

’ The rocket exhaust flow traversed about lOOO feet of large diameter
blLdfniping between the exhaust stack and the test chamber. This resulted in
'ﬁ}Gia time 1ag of about 8 seconds between the time of rocket engine firing '

: L;and the first evidence of brown coloration in’ the ejector stack exhaust

5‘_?_Flow rate time-averagins undoubtedly occurred during this period but the
E?T,Lextent of it is not known.
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For the oompustor tests, the lhwfoot'diameter oest chenber was
evacuated to'3 psia. Total gas loading at the test chamber consisted o
103 pounds per second of exhaust flow Plus ten to fifteen pounds par
second of purge air-flow which was added to prevent recirculstior of-

Propellant vapors in the test chamber, Downstream orf the ccoler an gaddi-

“tional flow of air was introduced to prevent compressor surge. In-leekage

through seals and fittings was estimated to be near 30 pcunds of gir per
Second so that the total mass flow rate passing through the L3-foot
diameter ducting and the pumping equipment to enter tha ‘exhaust stecks

was about 150 ‘pounds Per second. This 1ig equivalent to a duct velocity of
about 100- feet per second upstream of the compressors. Six stagss of

rotating machinery compressed the gas to near-atmospheric pressure. Zown-

~Stream of the compressors the exhaust flow was diverted to either of two

exhaust stacks (Figure 2). One stack was a low-velocity chimney 17-feet
in diameter and 50 feet high which was acoustically baffleg internally

for sound suppression. The other, which wag used for most of the test pro-

.gram, was an eJector stack which used compressed air as .the driver gas.

It was 78 feet high end had an exit diameter of 6. feet. The ejector air

flow was 65 pounds per second, 80 that the totsl eJeCuor stack flow rate
was - about 215 pounds per second. This resultegd in an exit velocity of
105 feet per second which added an additional effective stack: height due

to exit gas veloeity of 127-feet as caleulated according to reference 4.

- Total effective stack height for the ejector then would be near 200-feet

as compared with the 50-foot height of the low velocity exhaust stack,
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EJector stack emission during preliminary rocket firings was dark
brown and appeared to be heavy with NO,. Gas samples taken from the core
flow at the top of the stack indicated an N02 concentration of near
4500 ppm even when the rocket was operating at a low thrust level. The
follow-on combustor had not yet been 1nstalled during these preliminary
tests, Extrapolation of this analysis to the 20K thrust level, however,
indicated a possible concentration of NOo in the stack effluent of near
| 9000 to 10,000 ppm, but the combustor installation was expected to markedly

reduce.this concentration.

The stack emission of NOo uas dispersed in the atmosphere and no ground
effects were uoted. However, safety and air pollutibn control considerations
required that an estimate be made of the maximum ground level concentration
which might be expected assuming atmospheric dispersion with very moderate
wind conditions (reference 4). The assumptions made and pertinent results

- of these calculations are listed in Table 1. Thus, even for high con-
centrations of NO, in the gases emitted from the ejector stack, normal
atmospheric dispersion with a mild wind would disperse and dilute the
emission sufficiently 8o that the concentration at ground level touch-down
would be well below the short term dangerous limits of 100- =150 ppm
(reference 5). Conditions of temperature inversion would, of course,
inhibit dispersion and increese the severity of the problem.

The local laboratory standards for air quality required that the NOo

concentration of the stack emisslon be sufficiently reduced to render the
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THEORETICAL EXHAUST GAS COMPOSITION FOR NgHz-NgOy4 ROCKET
WITH EQUILIBRIUM OR FROZEN NOZZLE EXPANSION
AgIA*=5,3, P =300 PSIA, OFF = 3.0

COMPONENT FQUILIBRIUM FROZEN
LB/LB PROP | MOL % | LB/LB PROP
HoO 0.37221 | 0.2709
o 38394 43464
NO 02155 02613
NO, 0000 .00C13
0 1 25038
OH .02 | L0522
H smmnes 00058 00002
Ho commmn | meeeeee 00252 .00021
0 00321 00208
CS-56049

TamLe IL
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effluent colbrlees. Therefore, effort was directed to first determine
the.source and quantity of the N02 which was entering the exhaust gases,
The second approach toward solving the pollution problem was directed
toward the development of an effective and simple system to remove the

NO, from the exhaust mixture before it was pumped to the atmosphere.

HQQ Problem Source.--The combustor test facility consisted of a 20K thrust

level rocket and combustor in a direct-connect series installation. The
rocket.burned hydrazine-nitrogen tetroxide at an oxidant-fuel ratio (0/F)
.equal to 3 with & propellant flow rate of 100 pounds per second. Combustor
fuel flow ranged from zero to that required for chemical stoichiometry.
' The rocket exhaust composition predicted by thermodynamic calculations
‘(reference 6) is shown 1n Table 11 for the assumptions of equilibrium and
frozen nozzle expansion. The actual nozzle brocess was probably somewhere
between the two'cases. |

These data indicate tnat in the absence of other possible removal
.mechanisms, NOo wae released to the exhaust system at a rate somewhere
v‘between 0.12 to about L pounds per second. Including the system air dilution
.”‘effects, this corresponded to a maximum concentration of about 10,000 ppm
at the exit of the eJector stack. For the case of combustion in the
 connected combustor, appreciably less NO, would be expected to be released.
Similarly, the essumption of equilibrium nozzle expansion rather than frozen
would reduce the predicted level of NOp by & factor of near 30 so that the
probably concentration of N02 in the 2 stack gases was expected to be well

below 10,000 ppm.
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Post-run enelysis of rocket. propellant flow ?eco¥ds indiceted that
as much as 18 pounds of mrgected 0o entered the rocket chamber in 0,25
seconds before the hydvazine flow was initieted. This is equivelent to
& treaslent unreaeted.NOQ flow rate of T2 pounds per second. Thus,
systen thermodynamiesp start tramsients, and rocket combustion inefficiency
all contributed to the NOQ in the exhaust gases. Except for the sterting
flow, much of this could be consumed in fuel-rich reglons of the connected
combustor, The NOp releese from the start trensient was, therefore,
considered to be the more severe problem souree since there were no
mechanisms to remove it.

Stack Bmission DensgﬁgoamGases which contain even a low concentration of

NG, appear colored when viewed egainst light backgrounds. The opacity,

or apparent density, and color of & cloud containing N02 is partislly
dependent upon the angle of illumination and the effective optical path
length, or cloud depth, for light ebsorption. A concentration of 0.25 Ppm
in the Los 4ngeles atmosphere appears light brown against s light sky
(reference 7). As deduced from references 5 and 8 an equilibrium mixture

of N0y and W05 may be quelitetively characterized as being orange with

22% NOp, red-brown with 28%, end dark chocolate brown with 48%., These

color descriptions, however, were Probably based upon laboratory observations
of relatively small containers. Since the apparent color density or opacity
of N02 vapors is a direct function of the product of the concentration (ppm)
and the optical absorption path length (i’“(-:'e't'.)‘9 the density may be quenti-

tatively‘described in terms of ppm-ft. units. A cloud 100-feet thick with
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& concentration of 100 ppm would thus havc the same optical density as

- ome only 10-feet thick but with & concentration of 1000 pmm. Hibbard
(reference 9) has estimated & light brown cloud to have a density of near
10h ppm-£t, The visible detection limit for NO, 18 nominally accepted as
aboutVSO to 100 ppm, but the rath length or eloud depth is not specified.
Using Hibbard'e'eetinnte it may be concluded that this visible limit

. Pprobably assumes & path length of at least several feet_under idesal
conditions. | ‘

_From these considerations two basic facts are apparent. First, non-
colored stack emissions require essentially complete removal of the NO,.
Secondly, the concentration of residual NO, in stack gas emissions cannot
be determined by "eyeballing" the apparent color density but requi res

Aoaﬁalytical,instrumentation. Rugged, automatic instrumentation for on-line
analysis was not available for these tests, although an instrument soitable
for.Noé concentrgtions ranging from 0.1 to 15,000 ppm is described in
reference 10. For most of these tests the stack gases were bottle sampled
. at the exhaust stack at e proint Just upstream of the ejector nozzle. The
“"bottle samples withdrawn were subsequently analyzed for N02 and NH3 content
by wet analytical methods. |

- NITROGEN DIOXIDE REMOVAL

Removal by Chemical Reaction.--Nitrogen dioxide is water soluble to form

i initric acid, but it is not an anhydride of nitric acid. The absorption

1‘can be simply expressed by the reactions
4 Hé@ + 2N02 = HN03 + HNOQ_ o (1)
HNOp, + NOo = HNO3 + NO '

¥
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The ebsorption is not rapid and does not result in complete removal of
the Nozo Complete removel is favored by the neutralization of the acid
products.

Nitrogen dioxide is also‘a strong oxidizer and is readily burned with
an excess of fuel,

A third mechanism for the removal of NO, is suggested by references
11 and 12. At temperatures below 200°C the main reaction product between
anhydrous ammonia and NO, is NH\NO3. At low pressures, at least 99% of
the product is formead according to

2NOp + 2NH3 = NHyNO3 + Ny + HnO (2)

with only traces of ammonium nitrite being formed, and this mey originate

from the reaction between the NOo and the water product of the reaction.

These reactions with nitrogen dioxide suggested various schemes for
the removal of NO, from stack gases. Combustion systems, however, appeared
to be too cumbersome, expensive, and impractical for a large volume system.
An absorption tower, too, had to be large and of high efficiency to ensure
effectively complete removal of NOo» from a comparatively dilute ges mixture.
Early small scale rocket tests (reference 13) failed to satisfactorily
solve the problem of removel of the N02 from the exhaust gases using either
combustion or sodium hydroxide sbsorption schemes.

The ammonia-NOp reaction was first investigated in a small scale
bench-top experiient to qualitatively evaluate a8 removal system which

would be based upon the use of anhydrous NH3 as the prime agent. NO, and

156



'.NH3 were passed into a glass tube to mix andlreact according to equation
(2) to form NE,NO3. The experiment was repeated with molsture added as
an additional reactant to satisfy equation set 1. These bench teste;
indicated essentiall& instantaneous reaction, as evidenced by the immediate
'fOrmation of a white smoke at the point of reactant mixing in both the wet
and dry=reactions. Both reaction systems seemed to be equally effective,
but the smoke of the‘dry reaction appeared to have a slight tinge of gray.

| Reaction rate data of references 11 and 12 was used in an attempt to
estimate the reaction time required to remove NOp by reaction with anhydrous

' NHj according to Equation (2) Depending upon the particular assumptions

l'which were made for reactant concentrations and end conditions, “the reaction
time calculated ranged from 0.4 seconds to an hour or longer. It was

. obvious, however, thet to optimize the rate and completion of the reaction,

- ammonia shouldibe in excess. Also, in order to remove all, or . most, of the

N02 reaction time should be as long as possible.

lAmmonia Reactor Ayptem.--An ammonia reactor was designed and built on the
‘ -fbasis;of.the above principles. For design purposes it was asaumed that
rthe‘average weight flow of NOp in the facility exhaust gaseeltbuid not
'exceed 5.7 pounds‘per second and the exhaust system total mass‘flow rate
Yat the point of the NH3‘addition,would not exceed 150 pounds per second.
_LiquidANﬁ3.was_to'be injected at a rate of 5 pounds per second (max) to
”inaure an excess of reactant, assuming a mole for mole reaction. The
fammonia ‘was to be vaporized by the addition of 3 5 pounds per second of

'high pressure steam to provide the necessary heat of veporization to the
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| liquid reactant; Ejector air flow rate was assumed to be 65 pounds per
second. Duct sizing, velocity, and residence time for the various
'sections of the. reactor are indicated in Figure 3 for these flow rate
conditions. Reactor Pressures were assumed to be near atmospheric.

The ammonia reaction time, or residence time, within the ducting
for the two possible exhaust paths indicated in Figure 3 wes 1 second

using the ejector leg or 7.5 seconds 1f the low velocity exhaust stack

- were used, This time would be the total time available for reaction within

the confines of the ducting for the case of ammonia injection in the 48-inch
diemeter pipe near. the exit of the last stage of the rotating machinery.
-~ In comparison with the reaction time requirement of previous calculation,
it appeared that even the Te5 second time period might be marginal,
especiaelly if the ammonia vaporization and mixing processes were not rapid.
Nevertheless the elector stack rath was selected as the initial approach
'since it provided most protection, by virtue of effective stack height, to
adJacent ground areas in the case of ammonia system malfunction.
| ;: InJection of .ammonia upstream of the rotating compressors was rejected.
The low pressures in the upstream ducting would reduce the reaction rate,
ammonia distribution would be more difficult since the duct sizes were
. larger, and the free ammonia would probably be detrimental to the brass
| | ‘and aluminum seals of the equipment. More importently, it was feared that
B deposition of NH&NO3 in some areas of the ducting might create a latent
vexplosive hazard since it could combine with hydroearbon depositions present

from Jet engine testing.
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At the reactor inJection station, ammonia ang steam were inJected

f?fat 7 points - in 8 plane across the’ exhaust duct as shown in Figure 4. The

?%:exhaust duct at this point was & nominal 48-1nch diameter duct. The

ammonia manifolds were three 2-inch pipes spaced on li-inch centers and

fvmounted cross-flow. At each of the 7 injection locations, the manifold

, "was drilled ‘and fitted with a steam line as shown in the detail of Figure 4.
;Ammonia flow was concentric with the steam line and normal to the flow of
bthe steam jets issuing therefrom in order to ensure the evaporation of the

liquid ammonia. This injector design was utilized for all of the tests.

The ammonia injection system was manually controlled by an operator

~viewing the stack emission. Seconds prior to rocket firing the steam

supply solenoid was opened. Ammonia flow was simultaneously initiated.

Initial ammonie flow rate was scheduled to insure maximum flow at a time

coincident with the arrival of the initial N02 flow. Five seconds after

the rocket fired the full flow of 5 pounds per second ofvammonia was
injected into the exhaust ducting. Subsequently the ammonia flow rate
was manually adjusted on a demand basis as Judged by the coloration of
the ejector stack emission. The ammonia flow rate was adjusted to maintain
the emission as white as possible with the minimum ammonia flow rate.

_ When this removal system was used, the NOo remaining in the stack

gases was reduced markedly, but the treatment was not complete. The steanm

-and finely divided nitrates suspended in the gases gave the cloud g billowy

"appearance, but it was still colored. The cloud was colored light brown

to grayish brown depending in part on the lighting conditions existing.

The cloud dispersed only slowly and tended to drift with the wind as g
slowly enlarging mass. Observation of the stack emission determined that
most of the coloration, and hence incomplete treatment, occurred during the
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initiel period. Reprogramming of lead time, flow rate, and other variables
was Ineffective in altering either the initial or overall trestment
effectiveness as judged by the color of the stack gases. These results
suggested: (1) the flow rate of the NOo during the initial time period
was in excess of the neutralization capacity of the ammonia flow rate;
and/or (2) the availablé reaction time within the confines of the ducting
was inadequate for the NH3wN02 reaction to go to completion before the
dilution by the e’n.tor air and the atmosphere eflectively stopp-d the
reaction. Gas samples taken from the flow up-stream of the ejector con-
firmed the presence of an excess of ammonia.

Although the concentration of free N02 in the stack gases was reduced
by the trestment, it was still too high to meet the air pollution objectives
of only white emission from the exhaust stack.

Only a few runs were made prior to the end of the combustor test pro-
grem in which the low velocity stack was used instead of the ejector. For
these runs; the rocket propellant flow and ammonia system flow conditions
were the same &8s were used for previous tests. Exhausf gas treatment time
Awas increesed by a factor of about 7, however, over that available with
the ejector stacka‘ Apparently complete treatment of the exhaust gases was
obtained as evidenced by the white, uncolored cloud which was emitted at
the exit of the stack. Even the flow from tke start transient which was
only very pooriy treated in earlier runs was more completely reacted. The
large volume end low velocity in the stack chamber seemed to act as a surge

chamber  to time-integrate the ammonia treatment. By eliminating the dilution
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effect of the ejector air and increasing the available reaction and contact

time, the reaction between the ammonia and nitrogen dioxide was sufficlently

optimized to permit it to approach completion. Following these tests no

ammonia odor was detected at ground level within a radius of about 1/k-mile

downwind of the stack even though an ammonia excess was present in the

emitted gas mixture. The treatment of the gases using the ammonia injection

system described in Figure 4 was effective in removing NO, from the rocket

exhaust gases so that the stack emission would meet the local air pollution

requirement. Figure 5 clearly illustrates the change in exhaust coloration

which was obtained as a result of ammonie treatment.

The effectiveness of long reattion time for the NH3-NO, reaction was
also demonstrated in a non-pumped atmospheric rocket test facility. The
basic facility is shown in Figure 6. With no afterburning of the rocket
exhaust, the 20K rocket previously described was fired into the large
volume atmospheric exhaust collector system shown in the figure. Ammonis
was sprayed through a spray station at a point upstream of the muffler at
a rate of about 5 pounds per second. Tﬁe resulting exhaust was white and
showed no evidence of free NO5.

Trestment System Improvements.--These results have suggested treatment

system modifications to improve the effectiveness and economy of removing

NO, gases from stack gas emissions. The immediate requirement for this

particular development was a system to remove NO, from the exhaust of

research rocket tests. These firings were of 20-seconds duration and
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averaged only one or two ber day. Therefore, for such test periods the
very dense white cloud containing dispersed nitrate would not be expected
to be troublesome and the excess NH3 useage would not be an economic
problem. 3y recovering and using the excess ammonia, however, the
efficiency and economics of this system might make it attractive for the
treatment of some industrial waste gases,

A long term emission of even a white cloud of nitrates and free NH3
would be as unacceptable as brown NO> emissions with respect to ultimate
air pollution concern. In order to alleviate such situations, the addi-
tion of a water scrubber system to a.long contact-time stack system has
been proposed as s system improvement. With no compromise to the basic
NHB-NOQ reaction system, serubbers of various designs might be used. One
. 18 indicated in Figure 7 which would be compatible with the low velocity
stack system used in these tests. The scrubber would remove the finely
divided solid salts ag well as the free NH3 in excess. Stack gases would
be non-polluting and probably would not be visible. The basic scrubber
design involves the use of a high-contact area water curtain or ebsorption

tower to remove both the solids ang free NH3. The water would be collected

in a sump and be recirculated. The ammonia thus recovered would be effective
in scrubbing any remaining unreacted N02 or acld from the gas stream.
Ammonia would be conserved, but more importantly, the scrubber would act

as & large ammonie reservoir, or reaction surge tank, with the capability

of absorbing large quantities of NO, which might otherwise be untreated as

& result of either failure of the primary treatment system or sudden surge
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of the NOEASour@eo Yo serubber would be the safety valve to the emission
control system and utilize, as sn imtegral pert of the treatment system,
the emmonds excess which would otherwise go unrecovered.

| CONCLUDING REMARKS

The removal of WOo from staeck emissions is & problem in the research
commmity as well es in industry. Figure 8 shows the geographical relation-
ship of the exbaust stack to the adjacent population concentration. The
impetus of improved air quality has put increased emphasis on requirements
for improved treatment of all types and quantities of atmospheric emissions.
The high degree of visibility of the NOo and its contribution to the problem
of smog in large urben afeas wekes the emission of NOo containing stack
gases perticularly vilnerable to criticism. The high degree of visibility
of the N0y also mekes the removel problem severe since "clean" emission
in the case of NOo meams completely free of NOp for ell practical purposes.
Partial removal of the offending N0p from gases is only little better than
no removel.

The system For removal of nitrogen dioxide which was developed and
reported herein, was a first approsch to a problem, and was not economically
refined. The sysien was effective, however, and stack'gases were uncolored
and met eir pollution requirements, Improvements appear to be possible
which would not onmly make treatment more effective for the research type
of requirement, but might also make the system effective and economically

attractive for some industrial pollution abstement requirements.
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y j 7 37 / 4 7 /é FLIGHT CREW HEALTH MAINIENANCE
Charles C. Gullett, M.D.
Director, Medical Services
Trans World Airlines, Inc.
Time will not permit ﬁhe giving of a detailed report of our health maintenance
program. However, one or two aspects of the results of this program would be of
interest to all, since the basic principles of our preventive health maintenance
are practiced by many of you and are applicable to any employee group or the
population as a whole. The end results, if app’ied to the general population,
would probabiy be different in that we are dealing with a highly selective group.
We anticipate that our experience will improve over the next decade or two as a
greater proportion of our flights crews are composed of those both selected and
maintained under our current program. Although TWA has been operating for over
forty years, pre-employment and sporadic periodic crew physical exéminétions were
done by a multitude of fee-for-service and part time physicians until 1948, Since
that time knowledge in this field has grown significantly and the analysis of TWA's
own accumulated medical records and experience led to the formulation of the
selective standards and maintenance principles now being used. TWA currently
employs over 4,500 flight deck crew personnel. This is over twice the number
employed just ten years ago. Consequently, five years ago the bulk of our crews
were 35 to 50 years of age with the mean age at about 42; today the large peak
is in the early 30's with the mean age at 38 years, as can be seen on figure 1.
Despite this large influx of young pilots almost half of our pilots were hired
prior to the establishment of our current standards. The philosophy that pre-
vailed 30 to 40 years ago iﬂ the early days of aviation was to hire the rugged
individualists. The dynamic, hot rodder, athletic type daredevil was thought
to be the type to withstend the rigors of early flylng, which was described

as a young man's game.
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Page 2

Today, we readily recognize this type as having the coronary profile., |
Today our philosophy of what makes a good reliable airline pilot has
changed signifieantly. We know airline aviation is not just a young
man's game. Consequehtly, we now select the candidate who we think
will most likely be able to maintain at least minimal FAA medical
standards to age 60. To allow for the deterioration attributed to
aging, we must obviously start with candidates who are not borderline
at the time of hire. This.has resulted in a very high rejection rate
(15-20%9 of currently physically fit active experienced military pilots.,
In addition to general physical fitness the major items stessed are,
emotional ﬁaturity, weight, blood pressure, cholesterol, glucose tolerance,
and family health history.

The question still to be answered is whether it is possible to
significantly alter the prognosis of the coronary prone individual,
for instance, by preventive therapy. As you all know, there are several
studies underway around the country that will ultimately establish whether
this is possible. This is, of course, what we are attempting to do.
Although our data to date has not all been analyzed yet, there are in-
dications that are favorable. The pilot's loss of license insurance
companies have said that the incidence of loss is much lower among pilots
employed by airlines with full time preventive medical programs than those
in airlines without full time medical departments.

TWA's preventive medicine program for pilots incorporates comprehens:
health status monitoring and counselling. In addition to his regulai ABA

physical examination, the pilot is given a complete company examination
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at least once 8 year. At this time, _ the company flight surgeon can discuss
Jthe importance of diet weight - control, and regular exercise on an individual
Gba31s Early minor undesirable trends in . the physical findings are iden-
‘tified and the pilot counselled accordingly. The pilot is likewise re-
evaluated and counselled when indicated after each major illness or injury
that may occur between the annual examinations. They are likewise encouraged
to consult us regarding any medication prescribed by their family doctor
even for minor illnesses. Another opportunity for group counselling occurs
at the time of the pilot'slrecurrent ground school training when one of
our staff lectures on high altitude physiology and .general health measures.
For a variety of reasons, in the earlier days pilots tended to avoid
l-company medlcal departments largely out of fear of being grounded. Today,
‘on the whole, we. now emjoy a very friendly relationship. We have proven
__repeatedly that we can help perpetuate their careers especially when we
:have been brought in on the problem early. The campany, ‘likewise, has
‘-come to. recognize the value of such programs and has given the medical
*department complete 1ndependence in operation. The secret of the good
relationship lies in good up to date medical practices and complete
1mpartia11ty. '

Cardiovascular disease continues to be the number one disabling
disease among pilots as it is of the general population although the
.}incidence is much lower for reasons discussed Previously. Total serum

‘cholesterol has proven to be the most reliable indicator for predicting
_atherosclerotic risk. Although other lipid fractions have shown definite

correlation they have not oroven to be any better indicators.
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For the purpose of this discussion, I took & random sampling from the
records of 800 pilots (20 for each year of age). Figure 2 shows the N
mean cholesterol level of this group during the period from 1961-1970
represeﬁted by the bold solid line. The bulk of the individual levels
fell generally 20-30 mg. on either side of the mean. The circles
concentrated largely on.the upper right quadrant represent the cholesterol
levels of pilots grounded because of cardiovascular disease during the

10 year period. The solid circles are those with myocardial infarction.
The vast majority of these disabled pilots had prior cholesterol levels
well above the mean of the pilot group. The dotted line is the mean
éholesterol level of the disabledlgroup. Of the 77 cases of disabling
cardiovascular disease, 42 were myocardial infarctions. Many of these
had manifestations of arterial disease prior to their grounding and/or
infarction. Ten of these died immediately, with their first infarct.

Ten more of the 77 have died since from their 1lst, 2nd, or 3rd myocardial
infarct or cerebral vasgular accidents. Several of the younger survivors
are actively employed in ground type jobs such as ground school instructors
in flight training. It may Be of interest to note that the mean blood
pressure of the 2,500 newly hired pilots in the past six years was 127/74,
whereas the mean for the 77 disabled pilots was 149/92. Although some
studies such as Framingham have not shown overweight to be a significant
risk factor separate fram cholesterol and blood pressure, 83% of our
disabled group were on an average 24 pounds overweight using Metropolitan

Life Insurance Company maximum for a large frame as a standard.
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We have noted, as others have, that there is a very high correlation betwoen

" hypertension and overweight. We have hopes and rcasons to belicve that dict,

?ﬂwuighf control, and exercise
T

will significantly alter our pilots' futurc
murénlity rates during their flying career.
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FROM INDUSTRIAL VIEW

Sherman M. Williamson, M.D.
Corporate Medical Director
The Boeing Company
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Most industries will look at the 1970's as the beginning of increased
action by meny agencies for the control of the working environment. The
revised Walsh-Healey Act will give greatly added emphasis on noise control
and hearing conservation. The proposed Occupational Health and Safety Act
will concentrate on the work environment and determine what are acceptable
exposure levels at the work site. This Act will be very much concerned
with standards and what types of standards can be established. Governmental
legislation on air, water, and sclid pollution have had and will have an
effect on the work environment, for the trend grows as to how the community
environment affects the worker and his health.

Most industrial managers are beglnning to accept that more than the 8-hour
work environment affects the health of his employee as well as his
absenteeism and production records. The importance of chronic disease is
being recognized as is an increased awareness of the mental health and
attitude of the worker.

The largest industries with same established medical departments will not
be heavily impacted immediately by the new Occupational Health Acts except
- &5 they affect the production capability of small sub-contractors being

- relied upon for parts. It will be on the small plants thet the control
effects of these Acts will impact, and it will be up to the leadership of
the larger industries to aid in establishing enviroommental control measures
and services for them.

In this period the use of computers for environmental health control will
pPlay a great part. Well thought out programs of environmental health
examinations and record-keeping methods will aid in evaluating the environ-
- ment and its longer term effect upon workers. The computer will be used
for physical examination programs of 8ll types. The present multiphasic
sereening-type exams and programs will need to be modified and evaluated
for occupational health use. Some programs now in use have good promise

~ that by using multiphasic techniques they can cut down on the demands of

' the physician's timé. They make full use of technicians and para-medical
‘personnel in order to conserve the time and short supply of physicians
trained in Occupational and Preventive Medicine. These computers have the
ability to analyze the results of the examinations in light of the environ-
ment exposure factors to help evaluate the employee's health status. The

- computer programs will be able to indicate which employees can qualify for
various positions that mpy have potentially hazardous environments and also
~indicate when more detailed medical study is needed as health changes occur.

178



It 18 now possible to record the industrial radiation exposure from

film badges into a computer program so that the accumulation is fully
recorded. By this means, any employee who exceeds the prescribed weekly,
monthly, or yearly dose can be reported quickly to the Medical Department
by the computer so that he can be removed from further exposure. This
\method also 1is very useful in complying with the regulations of providing

fthe annual exposure record of every employee under such a program.

These computer programs in general are an effort to save the physician's
time so that he can use them more fully in preventive progrems and in
actual dealing with petients. In industry the trend will continue to

expand to make maximum use of techniciane to perform basic tests that

are now thought to be conducted only by physicians. The role of the
occupational nurse must be expanded so that she is more thoroughly trained
in the.broader areas of Occupational and Preventive Medicine as well as

act as a first line medical person in our Mental Health Programs in
industry. The Medex-type person now being trained in the various medical
schools can have great application in the field of Occupational Medicine
and will be utilized by industry in this next decade. The thoughts of
using Medex esssistants coupled with a closed circuit TV system for: physicien.
supervision opens many interesting ways to provide service to multiple small
industrial plants. .

The Occupational Medicine Programs in industry during the '70's will not be
considered by itself but will be broadened to include more questions of
health insurance plans end disability insurance. These programs do pley s
part in the overall health of the workers and influence how the worker can
- continue on the job. The Occupational Medicine staffs are the ones who
have the training and the experience to be able to deal with insurance
companies on disability and disability programs and especlally in estab-
1ishing good rehsbilitation programs to return the employee to work. The
Occupational Physician must enter into health care insurance plans to be
able to blend the in-plant treatment programs to complement the out-plant
medical treatment. ' :

Indeed industry will become more concerned with the community health
programs for they realize that from the local communities will come their
employees of the future. Thus, the community with good health facilities
to fi11fil]l the needs will indeed eventually produce better and healthier
employees and aepplicants. The hiring procedures with regerd to health
will need to undergo quite a bit of re-doing for many of our medical
placement and restriction brograms are creating an undo burden upon the
employee or applicant without really producing any evidence of saving of
further injury or disabllity for that person. Too many of these placement
programs are not medically sound and work an economic disadvantage to the
person as well as to the industry.
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Included in the overall awarenegs of community health of course will
come the problem of alcoholism and mental health. These two areas play
such an important part in the employee work force and if good health
programs are notf available for them the lgss to industry 1s in the
billions of dollars. Here again, the occupational rhysician must be the
leader in establishing constructive programs both in the community and
in-plant. The quegtion of the use of drugs in our population today will
have to undergo some close study as it applies to industry for the facts
today are not very clear as to what the actual effects are upon the work
force at the site of employment.

With all of these health programs it is not to be construed that industry
‘18 ready to provide the so-called "cradle to grave-type of care" but

they do recognize that the health of the worker involves more than the
period of his work shift. So much of what hapgens to the health of the
employse and his family away from work playe a great part on his ability
to produce that it can no longer be ignored. Neither can industry feel
that eqch part of the medical care for an employee can be handled by
different groups either in-plant or in a community. There must be a
coordinating health group to try to bring these programs together. It

is the Qccupational Medicine staffs within industry upon whose shoulders
a great deal of this will fall and who actually stand at the present time
and for the next decade to be in the best position to make constructive
efforts in the health care programs. The occupational physician in
industry needs to look at the !'70's as a challenge and a great opportunity
to serve the worker and his comunity.
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